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TUMOR NECROSIS FACTOR-a AND -8 RECEPTORS

BACKGROUND ‘gf THE INVENTION

The present invention relates generally to cytokine receptors and more specifically to tumor necrosis
factor receptors.

Tumor necrosis factor-a (TNFa. also inown as cachectin) and tumor necrosis factor-g (TNFS, also
known as lymphotoxin) are homologous mammalian endogenous secretory proteins capable of inducing a
wide variety of etfects on a large number of ceil types. The great similarities in the structural and functional
characteristics of these two cytokines have resulted in their collective description as "TNF." Compiementary
cDNA clones encoding TNFa (Pennica et al., Nature 312724, 1984) and TNFg (Gray et al., Natwe
312:721, 1884) have been isolated, permitting further structural and biological characterization of TNF.

TNF proteins initiate their biclogical affect on celis by binding to specific TNF receptor (TNF-R) proteins
expressed on the plasma membrane of a TNF-responsive cell. TNFa and TNF8 were first shown to bind to
a common receptor on the human cervical carcinoma cell line ME-180 (Aggarwal et al., Natwre
318:665,1985). Estimates of the size of the TNF-R determined by affinity labeling studies ranged from 54 to
175 kDa (Creasey et al, Proc. Natl. Acad. Scl. USA 84:3283, 1987; Stauber et al., J. Blo/. Chem,
263:19088, 1988; Hohmann et al., J. 8lol. Chem. 26414827, 1888). Although the relationship between
these TNF-Rs of different molecular mass Is unclear, Hohmann et al. (J. Blol. Chem. 264:14927, 1989)
reportad that at least two different cell surtace receptors for TNF exist on different cells kDa, respectively.

None of the above publications, however, reported the purification to homogeneity of cell surface TNF
receptors.

In addition to cell surface receptors for TNF, soluble proteins from human urine capable of binding TNF °

have also been identified (Peetre et al., Eur. J. Haematol. 41:414, 1988; Seckinger et al., J. Exp, Med.
167:1511, 1988: Seckinger et al., J. Blol. Chem. 264:119686, 1989; UK Patent Application, Publ. No. 2 218
101 A to Seckinger et al. Engelmann et al., J Blol. Chem. 264:11974, 1989). The soiuble urinary TNF
binding protein disciosed by UK 2 218 101 A has a partial N-terminal amino acid sequence of Asp-Ser-Val-
Cys-Pro-, which corresponds to the partial sequence disclosed later by Engelmann et al. (1988). The
relationship of the above soluble urinary binding proteins was further elucidated after original parent
application (U.8. Serial No. 403,241) of the present appiication was filed, when Engeimann et al. reported
the identification and purification of a second distinct soluble urinary TNF binding protein having an N-
terminal amino acid sequence of Val-Ala-Phe-Thr-Pro- (J, Blol, Chem, 266:1531, 1980). The two urinary
proteins disclosed by the UK 2 218 101 A and the Engeimann et al. publications wers shown to be
immunochemically related to two apparently distinct celt surface proteins by the ability of antiserum against
the binding proteins to inhibit TNF binding to certain ceils.

More recently, lwoseparategroupswpmedttnmdewlzcbmgmaxpresmofahmanssma
TNF-R (Loetscher et al., Coll 81:351, 1980; Schall et al, Cell 61:361, 1990). The TNFR of both groups has
an N-terminal amino acid sequence which corresponds to the partial amino acid sequence of the urinary
binding protein disclosed by UK 2 218 101 A, Engeimann et al. (1889) and Englelmann et al. (1880). )

in order to elucidate the relationship of the multiple forms of TNF-R and soluble urinary TNF binding
proteins, or to study the structural and biological characteristics of TNF-Rs and the role played by TNF-Rs
in the responses of various cell populations to TNF or other cytokine stimulation, or to use TNF-Rs
effectively in therapy, dlagnosis, or assay, purified compositions of TNF-R are needed. Such compositions,
however, are obtainable in practical yields only by cloning and expressing genes encoding the receptors
using recombinant DNA technology. Efforst to purify the TNF-R molecule for use in biochemical analysis or
to clone and express mammalian genes encoding TNF-R, however, have been impeded by lack of a
suitable source of receptor protein or mRNA. Prior to the present invention, no cell lines were known to
express high levels of TNF-R constitutively and continuously, which precluded purification of receptor for
sequencing or construction of genetic libraries for CONA cloning.

SUMMARY OF THE INVENTION

The present invention provides isolated TNF receptors and DNA sequences encoding mammalian

tumor necrosis factor receptors (TNF-R), in particular, human TNF-Rs. Such DNA sequences include (a) .
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cDNA clones having a nucleotid sequence derived from the coding region of a native TNF-R gene: (b)
DNA sequences which are capabl of hybridization to the cDNA clones of (a) under moderately stringent
conditions and which encode biologically activ TNF-R molecules; or (¢} ONA sequences which ar
degenerate as a result of the genetic code to the DNA sequences defined in (a) and (b) and which encode
biologically active TNF-R molecules. In particular, the present invention provides DNA sequences which
encode soluble TNF receptors.

The present invention also provides recombinant expression vectors comprising the DNA sequences
defined above, recombinant TNF-R molecules produced using the recombinant expression vectors, and
processes for producing the recombinant TNF-R molecules using the expression vectors.

The present invention also provides isclated or purified protein compositions comprising TNF-R, and, in
particular, soluble forms of TNF-R.

The present invention also provides compositions for usa in therapy, diagnosis, assay of TNF-R, or in
raising antibodies to TNF-R, comprising effective quantities of soluble native or recombinant receptor
proteins prepared according to the foregoing processes.

Because of the ability of TNF to specifically bind TNF receptors (TNF-Rs), purified TNF-R compositions
will be useful in diagnostic ‘assays for TNF, as well as in raising antibodies to TNF receptor for use in
diagnosts and therapy. In addition, purified TNF receptor compositions may be used directly in therapy to
bind or scavenge TNF, thereby providing a means for regulating the immune activities ot this cytokine.

These and other aspects of the present invention will become evident upan reference to the foilowing
detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 Is a schematic representation of the coding region of various cDNAs encoding human and *

murine TNF-Rs. The leader sequence is hatched and the transmembrane region is solid.
Figure 2A-2B depict the partial CONA sequence and derived amino acid sequence of the human TNF-R
clone 1. Nucleotides are numbered from the beginning of the 5 untransiated region. Amino acids are

numbered from the beginning of the signal peptide saquence. The putative signal peptide sequence is

represented by the amino acids -22 to -1. The N-terminal leucine of the mature TNF-R protein Is
underlined at position 1. The predicted transmembrane region from amino acids 238 to 265 is also
underlined. The C-termini of various soluble TNF-Rs are marked with an arrow (3).

Figure 3A-3C depict the cDNA sequence and derived amino acid sequence of murine TNF-R clone 11.
The putative_signal peptide sequence Is represented by amino acids -22 to -1. 1. The N-terminal vaiine
of the mature TNF-R protein is underiined at position 1. The predicted transmembrane region from
amino acids 234 to 265 is also underiined.

DETAILED DESCRIPTION OF THE INVENTION

Definitions

As used hersin, the terms "TNF receptor” and "TNF-R” refer to proteins having amino acid sequences
which are substantially similar to the native mammalian TNF receptor amino acid sequences. and which are
biologically active, as defined balow, in that they are capable of binding TNF molecules or transducing a
biological signal initiated by a TNF molecule binding to a cell. or cross-reacting with anti-TNF-R antibodies
raised against TNF-R from natural (l.e., nonrecombinant) sources. The mature full-length human TNF-R is a
glycoprotein having a molecular weight of about 80 kilodaltons (kDa). As used throughout the specification,
the term "mature® means a protein expressed in a form lacking a leader sequence as may be present in
full-length transcripts of a native gene. Experiments using COS cells transfected with a CONA encoding fuil-
length human TNF-R showsd that TNF-R bound '®|-TNFa with an apparent K, of about 5 x 10 M™', and

that TNF-R bound ' TNFg with an apparent K, of about 2 x 10* M™". The terms "TNF receptor™ or "TNF-

R" include, but are not limited to, analogs or subunits of native proteins having at least 20 amino acids and
which exhibit at least some biological activity in common with TNF-R, for example, soluble TNF-R
constructs which are devaid of a transmembrane region (and are secreted from the cell) but retain the
ability to bind TNF. Various bioequivalent protein and amino acid analogs are described in detail below.
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The nomenclature for TNF-R analogs as used hersin follows the convention of naming th protein (e.g.,
TNF-R) preceded by either hu (for human) or mu (for murine) and followed by a A (to designate a deletion)
and the number of the C-terminal amino acid. For sxample, huTNF-RA235 refers to human TNF-R having
Asp®S as the C-terminal amino acid (i.e., a polypeptide having the sequence of amino acids 1-235 of Figure
2A). In the absence of any human or murine species designation, TNF-R refers generically to mammalian
TNF-R. Similarly, in the absence of any specific designation for deletion mutants, the term TNF-R means all
forms of TNF-R, including mutants and analogs which possess TNF-R biological activity.

“Soluble TNF-R”" or "STNF-R" as used in the context of the present invention refer to proteins, or
Substantially equivalent analogs, having an amino acid sequence corresponding to all or part of the
extracellular region of a native TNF-R, for example, huTNF-RA235, hyTNF-RA185 and huTNF-RA163, or
amino acid sequences substantially similar to the sequences of amino acids 1-183, amino acids 1-185, or
amino acids 1-235 of Figure 2A, and which are biologically active in that they bind to TNF figand.
Equivalent soluble TNF-Rs include polypeptides which vary from these sequences by one or more
substitutions, deletions, or additions, and which retain the ability to bind TNF or inhibit TNF signal
transduction activity via cell surface bound TNF receptor proteins, for example huTNF-RAx, wherein x is
selected from the group consisting of any one of amino acids 163-235 of Figure 2A. Analogous deletions
may be made to muTNFR. Inhibition of TNF signal transduction activity can be determined by transfecting
cells with recombinant TNF-R DNAs to obtain recombinant receptor expression. The cefls are then
contacted with TNF and the resulting metabolic effects examined. if an effect resuits which is attributable to
the action of the ligand, then the recombinant receptor has signal transduction activity. Exemplary
procedures for determining whether a polypeptide has signal transduction activity are disclosed by idzerda
et al., J, Exp. Med, 171:881 (1890); Curtis et al., Proc, Nat!, Acad. Scl, USA 86:3045 (1888); Prywes et al.,
EMBO J. 5:2179(1988) and Chou et al., J. Blol. Chem, 262:1842 (1967). Aternatively, primary cells or cell
lines which express an endogenous TNF receptor and have a detectable biological response to TNF could
also be utilized. .

The term “isolated” or "purified”, as used in the context of this specification to define the purity of
TNF-R protsin or protein compositions, means that the protein ar protein composition is substantially free of
other proteins of natural or endogenous origin and contains less than about 1% by mass of protein
contaminants residual of production processes. Such compositions, however, can contain ather protsins
added as stabilizers, carriers, excipients or co-therapeutics. TNF-R is isolated if it is detectable as a single
protein band in a polyacrylamide gel by silver staining. ‘ ’

The term "substantially similar," when used to define either amino acid or nucleic acid saquences,
means that a particular subject sequence, for example, a mutant sequence, varies from a reference
sequence by one or more substitutions, deletions, or additions, the net effect of which is to retain biological
activity of the TNF-R protein as may be determined, for example, in one of the TNF-R binding assays set
forth in Example 1 below. Alternatively, nucleic acid subunits and analogs are "substantially similar® to the
specific ONA sequences disclosed herein If: (3) the DNA sequence Is derived from the coding region of a
native mammalian TNF-R gene; (b) the ONA sequencs is capable of hybridization to DNA sequences of (a)
under moderately stringent conditions (50°C, 2x SSC) and which encode biologically active TNF-R
molecules; or DNA sequences which are degenerate as a result of the genetic code to the DNA sequences
defined in (a) or (b) and which encode biologically active TNF-R molecules,

“Recombinant,® as used herein, means that a protein is derived from recombinant (e.g., microbial or
mammalian) expression systems. “Microbial® refers to recombinant proteins made in bacterial or fungal
(e.g.. yeast) expression systems. As a product, "recombinant microbial® defines a protein produced in a
microblal expression system which is essentially free of native endogenous substances. Protein expressed
in most bacterial cultures, e.g., E. cofl, will be free of glycan. Protein expressed in yesst may have a
glycosyiation pattorn different from that expressed in mammalian cells.

“Biologicaily active,” as used throughout the specification as a characteristic of TNF receptors, means
that a particular molecule shares sufficient amino acid sequence similarity with the embodiments of the
present invention disclosed hersin to be capable of binding detectable quantities of TNF, transmitting a TNF
stimulus to a cell, for example, a3 a component of a hybrid receptor construct, or cross-reacting with ant-
TNF-R antibodles raised against TNF-R from natural (l.e., nonrscombinant) sources. Preforably, biclogically
active TNF receptors within the scope of the present invention are capable of binding greater than 0.1
nmoles TNF per nmole receptor, and most preferably, greater than 0.5 nmole TNF per nmole receptor in
standard binding assays (see below).

"Isolated DNA sequence” refers to a DNA polymer, in the form of a separate fragment or as a
component of a larger DNA construct, which has been derived from DNA isolated at least once In
substantially pure form, i.e.. free f contaminating ndogenous materals and in a quantity or concentration
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snabling identification, manipulation, and recovery of the sequence and its component nucleotide se-
quencss by standard biochemical methods, for example, using a cloning vector. Such sequences are
preferably provided in the form of an open reading frame uninterrupted by internal nontransiated se-
quences, or introns, which are typicaily present in sukaryotic genes. Genomic DNA containing the relevant
sequences could also be used as a source of coding sequences. Sequences of non-translated DNA may be
present 5 or 3 from the open reading frame, whers the same do not interfere with manipulation or
exprassion of the coding regions.

"Nucleotide sequence” refers to a heteropolymer of deoxyribonuclectides. DNA sequences encoding
the proteins provided by this invention can be assembled from cDNA fragments and short oligonucleotide
linkers, or from a series of ofigonucleotides, to provide a synthetic gene which Is capable of being
expressed In a racombinant transcriptional unit.

Isolation of cDNAs Encoding TNF-R

The coding sequence of TNF-R is obtalned by isolating a complementary DNA (cONA) sequence
encoding TNF-R from s recombinant cONA or genomic DNA library. A cONA tlibrary is proferably
constructed by obtaining polyadenylated mRNA from a particular cell fine which expresses a mammalian
TNF-R, for example, the human fibroblast cell line Wi-28 VA4 (ATCC CCL 85.1) and using the mRNA as a
template for synthesizing doGble stranded cDNA. The double stranded cONA is then packaged into a
recombinant vector, which is introduced into an appropriate £, coff strain and propagated. Murine or other
mammaiian cell lines which express TNF-R may aiso be used. TNF-R sequences contalned In the cDNA
library can be readily identified by screening the library with an appropriate nuclelc acid probe which is
capable of hybridizing with TNF-R cDNA. Alternatively, DNAs encoding TNFR proteins can be assembled

by figation of synthetic oligonucleotide subunits corresponding to all or part of the sequence of Figures 2A-

2B or 3A-3C to provide a complete coding sequence.

The human TNF receptor cDNAs of the present invention were isolated by the method of direct
expression cloning. A cDNA library was constructed by first isolating cytoplasmic mRANA from the human
fibroblast coll line W28 VA4. Polyadenytated RNA was Isolated and used to prepare double-standed
cDNA. Purified cDNA fragments were then ligated into pCAV/NOT vector DNA which uses regulatory
sequences derived from pDC201 (a derivative of pMLSV, previously described by Cosman et al., Nature
312:788, 1884), SV40 and cytomegalovirus DNA, described in detail below in Example 2. pCAVINOT has
been deposited with the American Type Culture Collection under accession No. ATCC 88014. The
PCAV/NOT vectors containing the Wi26-VA4 cONA fragments were transformed into £, coll strain DHSa.
Transformants were plated to provide approximately 800 colonies per plate. The resulting colonies were
harvested and each pool used to prepare plasmid DNA for transfection into COS-7 cells essentially as
described by Cosman et al. (Nature 312:768, 1984) and Luthman et al. (Nucl, Acld Res, 11:1285, 1983).
Transformants expressing biologically active cell surface TNF roceptors were identified by screening for
their ability to bind '#TNF. In this screening approach, transfected COS-7 celis were incubated with
medium containing '31-TNF, the cells washed to remaove unbound labeled TNF, and the cell monolayers
contacted with X-ray film to detect concentrations of TNF binding; as disclossd by Sims et al, Science
241:585 (1988). Transfectants detected in this manner appear as dark foci against a relatively light
background.

Using this approach, approximatsly 240,000 cONAs were screened in pools of approximatety 800
cONAs until assay of one transiectant pool indicated positive foci for TNF binding. A frozen stock of
bacteria from this positive pool was grown in culture and plated to provide individual colonies, which were
screened until a single clone (clone 11) was identified which was capable of directing synthesis of a surface
protein with detectable TNF binding activity. The sequence of cDNA clone 11 isolated by the above method
is depicted in Figures 3A-3C.

AddiﬂonalcONAdmescanbeisohtedfromcDNAlbmﬂoedoth«mammaﬂmspedesbycrosa-
species hybridization. For use in hybridization, DNA encoding TNF-R may be covalently labeled with a
detectable substance such as a fluorescent group, a radioactive atom or a chemiluminescent group by
methods well known to those skilled in the art. Such probes could also be used for in vitro diagnosis of
particular conditions.

Like most mammalian genes, mammalian TNF receptors are presumebly encoded by muiti-exon genes.
Alternative mRNA constructs which can be attributed to different mRNA splicing events following transcrip-

tion, and which share larg reglons of Identity or similarity with the CDNAs claimed herein, are considered

to be within the scope of the present invention.
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Other mammalian TNF-R cDNAs ar isolated by using an appropriate human TNF-R DNA sequenc as
a probe for screening a particular mammalian cONA library by cross-species hybridization.

Proteins ﬁ Analogs

The present invention provides isolated recombinant mammalian TNF-R polypeptides. Isolated TNF-R
polypeptides of this invention are substantially free of other contaminating materials of natural or endog-
enous origin and contain less than about 1% by mass of protein contaminants residual of production
processes. The native human TNF-R molscules are recoverad from cell lysates as glycoproteing having an
apparent molecular weight by SDS-PAGE of about 80 kilodaltons (kDa). The TNF-R polypeptides of this
invention are optionally without associated native-pattern glycosylation.

Mammalian TNF-R of the present invention includes, by way of example, primate, human, marine,
canine, feline, bovine, ovine, equine and porcine TNF-R. Mammalian TNF-Rs can be obtained by cross
species hybridization, using a single stranded cDNA derived from the human TNF-R DNA sequence as a
hybridization probe to isolate TNF-R cDNAs from mammalian cONA libraries.

Derivatives of TNF-R within the scope of the invention aiso inctude varicus structural forms of the
primary protein which retain blological activity. Due to the presence of lonizable amino and carboxy! groups,
for example, a TNF-R protein may be in the form of acidic or basic saits, or may be in neutral form.
Individual amino acid residues may also be modified by oxidation or reduction.

The primary amino acid structure may be modified by forming covalent or aggregative conjugates with
other chemical moleties, such as glycosyl groups, lipids, phosphate, acetyl groups and the like, or by
creafing amino acid sequence mutants. Covalent derivatives are prepared by linking particular functional
groups to TNF-R amino acid side chains or at the N-or C-termini. Other derivatives of TNF-R within the
scope of this invention include covalsnt or aggregative conjugates of TNF-R or its fragments with other
proteins or polypeptides, such as by synthesis in recombinant culture as N-terminal or C-terminal fusions. .
For example, the conjugated peptide may be a a signal (or leader) polypeptide sequence at the N-terminal
region of the protein which co-translationally or post-transiationally directs transfer of the protein from its
site of synthesis to its site of function Inside or outsids of the cell membrane or wall (e.g., the yeast a-factor
leader). TNF-R protein fusions can comprise peptides added to facilitate purification or identification of TNF-
R (e.g., poly-His). The amino acid sequence of TNF receptor can also be linked to the peptide Asp-Tyr-Lys-
Asp- Asp-Asp-Asp-Lys (DYKDDODK) (Hopp et al., Bio/Technology 6:1204,1888.) The latter sequence is
highly antigenic and provides an epitope reversibly bound by a specific monoclonal antibody, enabling
rapid assay and facile purification ot expressed recombinant protein. This sequence Is also specifically
cieaved by bovine mucosal enterckinase at the residue immediately following the Asp-Lys pairing. Fusion
proteins capped with this peptide may also be resistant to intracellular degradation in E. coll.

TNF-R derivatives may aiso be used as immunogens, reagents in receptor-based immunoassays, or as
binding agents for affinity purification procedures of TNF or cther binding ligands. TNF-R derivatives may
also be obtained by cross-linking agents, such as M-maleimidobenzoyl succinimide ester and N-hydrox-
ysuccinimide, at cysteine and lysine residues. TNF-A proteins may also be covalently bound through
reactive side groups to various insoluble substrates, such as cyanogen bromide-activated, bisoxirane-
activated, carbonyldiimidazote-activated or tosyl-activated agarose structures, or by adsorbing to polyolefin
surfaces (with or without ghstaraldehyde cross-linking). Once bound to a substrate, TNF-R may be used to
selectively bind (for purposes of assay or purification) ant-TNF-R antibodies or TNF.

The present invention also includes TNF-R with or without assoclated native-pattern glycosylation. TNF-
R expressed in yeast or mammailan expression systems, e.g., COS-7 cells, may be similar or slightly
different in molecular weight and glycosylation pattem than the native molecules, depending upon the
expression system. Expression of TNF-R DNAs in bacteria such as E. coll provides non-glycosylated
molecules. Functional mutant analogs of mammalian TNF-R having inactivated N-glycosylation sites can be
produced by ofigonucieotide synthesis and figation or by site-specific mutagenesis techniques. These
analog protsins can be produced in a homogeneous, reduced-carbohydrate form In good yield using yeast
expression systems. N-glycosyiation sites in eukaryotic proteins are characterized by the amino acid triplet
Asn-Ar-Z, where Ay is any amino acid except Pro, and Z Is Ser or Thr. In this sequence, asparagine
provides a side chain amino group for covalent attachment of carbohydrate. Such a site can be oftminated
by substituting another amino acid for Asn or for residue 2, deleting Asn or Z, or inserting a non-Z amino
acid between A, and Z, or an amino acid other than Asn between Asn and A,

TNF-R derivatives may aiso be obtained by mutations of TNF-R or its subunits. A TNF-R mutant, as
referred to herein, is a polypeptide homologous to TNF-R but which has an amino acid sequence different
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from native TNF-R bacause of a deletion, insertion or substitution.

Biocequivalent analogs of TNF-R proteins may be constructed by, for example, making various
substitutions of residu s or sequences or daleting terminal or internal residuss or sequences not needed for
biological activity. For example, cysteine r sidues can be delst d (e.g., Cys'’®) or replaced with other
amino acids to prevent formation of unnecessary or incorrect inramolecular disulfide bridges upon
renaturation. Other approaches to mutagenesis involve modification of adjacent dibasic amino acid residues
o enhance expression in yeast systems in which KEX2 protease activity is present. Generally, substitutions
should be made conservatively; i.e., the most preferred substitute amino acids are those having
physiochemical characteristics resembling those of the residue to be replaced. Similarly, when a deletion or
insertion strategy is adopted, the potential effect of the deletion or insartion on biological activity should be
considered. Substantially similar polypeptide sequences, as defined above, gensrally comprise a like
number of amino acids sequencaes, aithough C-terminal truncations for the purpose of constructing soluble
TNF-Rs will contain fewer amino acid sequences. In order to preserve the biological activity of TNF-Rs,
deletions and substitutions will preferably result -in homologous or conservatively substituted sequences,
meaning that a given residue is roplaced by a biologically similar residue. Examples of conservative
substitutions Include substitution of one afiphatic residue for another, such as lle, Val, Leu, or Ala for one
another, or substitutions of one polar residue for another, such as between Lys and Arg: Glu and Asp; or
Gin and Asn. Other such conservative substitutions, for example, substitutions of entire regions having
similar hydrophobicity characteristics, are well known. Moreover, particular amino acid differences between

human, murine and other mammalian TNF-Rs is suggestive of additional conservative substitutions that

may be made without altering the essential biological charactsristics of TNF-R.

Subunits of TNF-R may be constructed by deleting terminal or internal residues or sequences.
Particularly preferred sequences include those in which the transmembrane region and intracsflular domain
of TNF-R are deleted or substituted with hydrophilic residues to facilitate secretion of the receptor Into the
cell culture medium. The resulting protein is referrad to as a soluble TNF-R molecule which retains its

ability to bind TNF. A particularly preferred soluble TNF-R construct is TNF-RA235 (the sequence of amino -

acids 1-235 of Figure 2A), which comprises the entire extracellular region of TNF-R, terminating with Asp™*
immediately adjacent the transmembrane region. Additional amino acids may be deleted from the trans-
membrane region while retaining TNF binding activity. For example, huTNF-RA1E3 which comprises the
saquance of amino acids 1-183 of Figure 2A, and TNF-RA163 which comprises the sequence of amino
acids 1-183 of Figure 2A, retain the ability to bind TNF ligand as determined using the binding assays
described below in Example 1. TNF-RA142, howgver, does not retain the ability to bind TNF ligand. This
suggests that one or both of Cys's” and Cys'3 is required for formation of an intramolecular disulfide
bridge for the proper foiding of TNF-R. Cys'’%, which was deleted without any apparent adverse effect on
the ability of the soluble TNF-R to bind TNF, does not appear to be essential for proper folding of TNF-R.
Thus, any deletion C-terminal to Cys'¢3 would be expected to result in a biclogically active soluble TNF-R.

 The present invention contemplates such soluble TNF-R constructs coresponding to all or part of the

extracellular region of TNF-R terminating with any amino acid after Cys'®3. Other C-terminal deletions, such
as TNF-FA157, may be made as a matter of convenience by cutting TNF-R cONA with appropriate
restriction enzymes and, if necessary, reconstructing specific sequences with synthetic oligonucieotide
finkers. The resulting soluble TNF-R constructs are then inserted and expressed in appropriate expression
vectors and assayed for the ability to bind TNF, as described in Exampie 1. Biclogically active soluble TNF-
Rs resulting from such constructions are also contemplated to be within the scope of the present invention.

Mutations in nucleotide sequences constructed for expression of analog TNF-R must, of course,
pmsem&nmadnghmphasodhewdingmaﬁmefmﬂyﬁllmtaeabwmplunenm
regions that could hybridize to produce secondary mRNA structures such as loops or hairpins which wouid
advuselyaﬂedtansldmofﬂwreceptumRNAAmtoughamutaﬂonshemaybeptedetennlned.ltlanot
necessary that the nature of the mutation per se be predetermined. For example, in order to salect for
optimum characteristics of mutants at a given site, random mutagenesis may be conducted at the target
codon and the axpressed TNF-R mutants screened for the dasired activity.

Not all mutations in the nuclectide sequance which encodes TNF-R will b expressed in the final
pmdud.brsmmpb.mnboﬂdewbsﬁhﬂommwbomadome“memmmwtomid
secondary structure- loops in the transcribed mANA (see EPA 75,444A, incorporated herein by reference),
or to provide codons that are more readily transiated by the selected host, e.g., the well-kmown E. coft
preference codons for E, coll expression.

Mutations can be introduced at particular loci by synth sizing ofigonucieotides containing a mutant
sequence, flanked by restriction sites enabiing ligation to fragments of th native sequance. Following
ligation, the resulting reconstructed sequance encodes an analog having th desired amino acid insertion,
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substitution, or deletion.

Alternatively, oligonucieotide~directed site-specific mutagenesis procedures can be employed to provide
an altered gene having particular codons altered according to the substitution, deletion, or “insertion
required. Exemplary methods of making the alterations set forth above are disclosed by Walder et al. (Gene
42:133, 1988); Bauer ot al. (Gene 37:73, 1985); Craik (BloTechniques, January 1985, 12-18); Smith et al.
(Genetic Engineering: Principles and Methods, Pienum Press, 1981); and U.S. Patent Nos. 4,518,564 and
4,737.462 disclose suitable techniques, and are incorporated by reference herein.

Both monovalent forms and polyvalent forms of TNF-R are useful in the compositions and methods of
this invention. Polyvalent forms possess multiple TNF-R binding sites for TNF ligand. For axample, a
bivalent soluble TNF-R may consist of two tandem repeats of amino acids 1-235 of Figurs 2A, separated by
a linker reglon. Alternate polyvalent forms may also be constructed, for example, by chemically coupling
TNF-R to any clinically acceptable carrier molecule, a polymer selected from the group consisting of Ficoll,
polyethylene glycol or dextran using conventional coupling techniques. Alternatively, TNF-R may be

" chemically coupled to biotin, the biotin-TNF-R conjugate then allowed to bind to avidin, resulting in

tetravalent avidinbiotin/ TNF-R molecules. TNF-R may also be covalently coupled to dinitrophenol (DNP) or
trinitrophenol (TNP) and the resulting conjugate precipilated with ant-DNP or ant-TNP-igM, to form
decameric conjugates with a valency of 10 for TNF-R binding sites.

A recombinant chimeric antibody molecule may aiso be produced having TNF-R sequences substituted
for the variable domains of either or both of the immunoglubulin molecule heavy and light chains and .
having unmodified constant region domains. For example, chimeric TNF-RigG: may be produced from two
chimeric genes — a TNF-Rihuman x light chain chimera (TNF-R/C,) and a TNF-Rthuman ¥+ heavy chain
chimera (TNF-R/C,.,). Following transcription and translation of the two chimeric genes, the gene products
assemble into a single chimeric antibody molecuie having TNF-R displayed bivalently. Such polyvalent
forms of TNF-R may have enhanced binding affinity for TNF figand. Additional delails relating to the
construction of such chimeric antibody molecules are disclosed in WO 89/09622 and EP 315082,

Expression g Recombinant TNF-R

The present invention provides recombinant expression vectors to amplify or express DNA encoding
TNF-R. Recombinant expression vectors are repiicable DNA constructs which have synthetic or cDNA-
derived DNA fragments encoding mammalian TNF-R or bioequivalent analogs operably finked to suitable
transcriptional or transtational regulatory elements derived from mammalian, microbial, viral or insect genes.
A transcriptional unit generally comprises an assembiy of (1) a genetic element or slements having a
regulatory role in gene expression, for example, transcriptional promoters or enhancers, (2) a structural or
coding sequence which s transcribed into mMRANA and translated into protein, and (3) appropriate transcrip-
tion and transiation initiation and termination sequences, as described in detall below. Such regulatory
elements may include an operator sequence to control transcription, a sequence encoding suitable mRNA
ribosomalblndngmmoaulﬁymmm;hostumﬂymbymmmofmplwm.mda
seloction gene to facilitate recognition of transtormants may additionally be incorporated. DNA reglons are
operably linked when they are functionally related to each other. For example, DNA for a signal peptide
(secretory leader) is operably linked to DNA for a polypeptide if it is expressed as a precursor which
participates in the secrstion of the polypeptide: a promoter is operably finked to a coding sequence if it
controls the transcription of the sequence; or a ribosome binding site is operably linked to a coding
sequence if it is positioned 30 as to permit transiation. Generally, operably inked means contiguous and, in
mocmolsecretoryloaders.eonﬂwouamdlnreadhgl’mne.swcwnlelemmlnmdedeeln
wmew:ymwmvma_bad«smmmwmammﬂuwmdm
latedmhhbyamcen.nmaﬁvow.MrecombmmpthexwmdMMtaMm
trmspMsaqm,itmaymcmdeanMermhalmeuﬁmimmm.msmddmmayopﬂonallybe
mmqmwmmmemmmummwmmawm

DNAseqwmesuwodlngmammaﬂmmFmeepmﬁﬂehnwbommadhambmagmm
will preferably contain no introns that could prematurely terminate transcription of DNA into mRNA;
however, premature termination of transcription may be desirable, for example, where it would result in
mutants having advantageous C-terminal truncations, for example, defetion of a transmembrane region to
yieldasolublomceptornotboundtoﬂncellmembmm.ouobcodedegmeracy.themmbe
considerable variation In nucleotide sequences encoding the same amino acid sequence. Other embodi-
ments include sequences capable of hybridizing to the sequences of th provided cONA under moderately
stringent conditions (50° C, 2x SSC) and ther sequences hybridizing or degenerats to those which encode
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biologically activ TNF receptor polypeptides.

Recombinant TNF-R DNA is express d or amplified in a recombinant expression system comprising a
substantially homogeneous monoculture of suitable host microorganisms, for exampl , bacteria such as E.
coll or yeast such as S, cerevisiae, which have stably integrated (by transformation or transtection) a
recombinant transcriptional unit into chromosomaf DNA or carry the recombinant transcriptional unit as a
component of a resident plasmid. Generally, cells constituting the system are the progeny of a single
ancestral transformant. Recombinant expression systems as defined herein will express heterologous
protein upon induction of the regulatory elements linked to the DNA sequence or synthetic gene to be
expressed.

Transformed host cslis are cells which have been transformed or transfected with TNF-R vectors

constructed using recombinant DNA technigques. Transformed host cells ordinarily express TNF-R, but hast
colls transtormed for purposes of cloning or amplifying TNF-R DNA do not need o express TNF-R.
Expressed TNF-R will be deposited in the cell membrane or secreted into the culture supematant,
depending on the TNF-R DNA selected. Suitable host calis for expression of mammalian TNF-R include
prokaryotes, yeast or higher eukaryotic cells under the control of appropriate promoters. Prokaryotes
include gram negative or gram positive organisms. for example E. colf or bacilll. Higher eukaryotic cells
include established csll lines of mammalian origin as described balow. Celk-tree translation systems could
also be employed to produce mammalian TNF-R using ANAs derived from the DNA constructs of the
present invention. Appropriate cloning and expression vectors for use with bacterial, fungal, yeast, and
mammallan cellular hosts are described by Pouwels et al. (Cloning Vectors: A Laboratory Manual,
Elsevier, New York, 1985), the relevant disclosure of which is hereby incorporated by refsrence.

Prokaryotic expression hosts may be used for expression of TNF-R that do not require extensive
proteclytic and disulfide processing. Prokaryotic expression vectors generally comprise one or more
phenctypic seiectable markers, for example a gene encoding proteins conferring antibiotic resistance or
supplying an autotrophic requirement, and an origin of replication recognized by the host to ensurs

amplification within the host. Suitable prokaryotic hosts for transformation include E. coll, Baclilus subtills, -

Saimonelia typhimurium, and various species within the genera Pseudomonas, Streptomyces, and
Staphyolococcus, aithough others may also be employed as a matter of choice.

Useful expression vectors for bacterial use can comprise a selectable marker and bacterial origin of
replication derived from commercially available plasmids comprising genetic elements of the well known
cioning vector pBR322 (ATCC 37017). Such commercial vectors include, for example, pKK223-3
(Pharmacia Fine Chemicals, Uppsala, Sweden) and pGEM1 (Promega Biotec, Madison, W1, USA). These
pBR322 "backbone” sections are combined with an appropriate promoter and the structural sequence to be
expressad. E, coll Is typically transformed using derivatives of pBR322, a plasmid derived from an E. colf
species (Bofivar et al., Gene 2:85, 1877). pBR322 containg genes for ampicillin and tetracycline resistance
and thus provides simple means for Identifying transformed calls.

Promoters commonly used in recombinant microbial expression vectors include the pg-lactamase
{penicillinase) and lactose promoter system (Chang et al., Nature 2765815, 1978; and Goeddsl et al.,
Nature 281:544, 1978), the tryptophan (trp) promoter system (Goeddel et al., Nucl. Aclds Res, 8:4057,
1980: and EPA 36,776) and tac promotar (Maniatis, Molecular Cloning: A Laboratory Manual, Cold Spring
Harbor Laboratory, p. 412, 1982), A particularly usetul bacterial axpression system employs the phage \ P
promoter and ¢i857ts thermolabile repressor. Plasmid vectors available from the American Type Culture
Collection which incorporate derivatives of the A Py promoter include plasmid pHUB2, resident in E. coli
strain JMB9 (ATCC 37092) and pPLc28, resident in E. coli RR1 (ATCC 53082).

Recombinant TNF-R proteins may aiso be expressed In yeast hosts, preferably from the Sac-
charomyces species, such as S. cerevisiae. Yeast of other genera, such as Pichla or Kluyveromyces
may aiso be employed. Yeast vectors will generally contein an origin of repfication from the 2u yeast
plasmid or an sutonomously repiicating sequence (ARS), promoter, DNA encoding TNF-R, sequences for
polyadenylation and transcription termination and a selection gene. Preferably, yeast vectors will inciude an
origin of replication and selectable marker permitting transformation of both yeast and E. colfl, e.g., the
ampicillin resistance gene of £. coll and $. cerevisige TRP1 or URA3 gene, which provides a selection
manteffoc'amutamwainofyeastladdngﬁ\eabilitytogrowlnkyptophan.andapromoﬁerdeﬂvedfrana
highly expressed yeast gene to induce transcription of a structural sequence downstream. The presencs of
the TRP! or URA3 lesion in the yeast host cell genome then provides an effective environment for
detecting transformation by growth in the absence of tryptophan or uracil.

Suitable promoter sequences In yeast vectors include the promoters for m tallothionein, 3-
phosphoglycerate kinase (Hitzeman et al., J Blol. Cham, 255:2073. 1980) or ther glycolytic enzymes
{Hess t al., J. Adv. Enzym Reg. 7:149, 1868, and Holland t al., Blochem. 17:4900, 1978), such as
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enolas , glyceraldehyd -3-phosphate dehydrogenase, hexokinase, pyruvate decarboxylase, phosphofruc-
tokinase, glucose-8-phosphate isom rase, 3-phosphoglycerate mutase, pyruvate kinase, triosephosphate
isomerase, phosphoglucos isomerase, and glucokinase. Suitable vectors and promoters for use in yeast
expression are further described in R. Hitzeman et al., EPA 73,657. .

Pr { med yeast vectors can be assembled using DNA sequences from pUC18 for selection and
replication in E. cofi (Amp’ gene and origin of replication) and yeast DNA sequences Including a glucose-
repressible ADH2 promoter and a-factor secretion leader. The ADH2 promoter has been described by
Russell et al. (J. 8lol. Chem. 258:2674, 1982) and Beier et al. (Nature 300:724, 1982). The yeast a-factor
leader, which directs secretion of heterologous proteins, can be Inserted between the promoter and the
structural gene to be expressed. See, e.g., Kurjan et al., Call 30:933, 1882; and Bitter et al., Proc. Natl,
Acad, Sci. USA 81:5330, 1984. The leader sequence may be modified to contain, near its 3’ end, one or
more useful restriction sites to facilitate fusion of the Ieader sequence to foreign genes.

Suitabie yeast transformation protocols are known to those of skill in the art; an exemplary technique is
described by Hinnen et al., Proc. Natl. Acad. Sci, USA 75:1928, 1978, selecting for Trp° transtormants in a
selective medium consisting of 0.67% yeast nitrogen base, 0.5% casamino acids, 2% glucose, 10 ug/mi
adenine and 20 g/mi uracil or URA+ tranformants in medium consisting of 0.67% YNB, with amino acids
and bases as described by Sherman et al., Laboratory Course Manual for Methods In Yeast Genetics,
Cold Spring Harbor Laboratory, Cold Spring Harbor, New York, 1986.

Host strains transformed by vectors comprising the ADH2 promoter may be grown for expression in a
rich medium consisting of 1% yeast extract, 2% peptone, and 1% or 4% glucose supplementad with 80
ug/ml adenine and 80 ug/mi uracil. Derepression of the ADH2 promoter occurs upon exhaustion of medium
glucose. Crude yeast supematants are harvested by filtration and held at 4° C prior to further purification.

Various mammalian or insect cell culture systems are also advantageously employed to express
recombinant protein. Expression of recombinant proteins in mammalian cells Is particularly preferred
because such proteins are generally comectly folded, appropriately modified and completely functional.
Examnples of suitable mammalian host cell fines include the COS-7 lines of monkey kidney calls, described .
by Gluzman (Cell 23:175, 1981), and other cell lines capable of expressing an appropriate vector Including,
for example, L cells, C127, 3TJ, Chinese hamster ovary (CHO), Hela and BHK celi lines. Mammalian
axpression .vectors may comprise nontranscribed slements such as an odgln of replication, a suitable
promoter and enhancer linked to the gene to be expressad, and other 5 or 3’ flanking nontranscribed
sequences, and 5 or 3 nontransiated sequences, such as necessary ribosome binding sites, a
polyadenyiation site, splice donor and acceptor sites, and transcriptional termination sequences. Baculovirus
systams for production of heterologous proteins in insect cells are reviewed by Luckow and Summers,
Bio/Technology 6:47 (1988).

The transcriptional and transiational control sequencec in expression vectors to be used in transforming
vertebrate ceils may be provided by viral sources. For example, commonly used promoters and enhancers
are derived from Polyoma, Adenovirus 2, Simian Virus 40 (SV40), and human cytomegalovirus. DNA
sequences derived from the SV40 viral genome, for example, SV40 origin, early and late promoter,
enhancer, splice, and polyadenylation sites may be used to provide the other genetic slements required for
expression of a heterologous ONA sequence. The early and late promoters are particularly useful becauss
both are obtained easily from the virus as a fragment which also contains the SV40 viral origin of replication
(Flers et al., Nature 273:113, 1978). Smaller or larger SV40 fragments may aiso be used, provided the
approximately 250 bp sequence extending from the Hind 3 site toward the Bgft site located in the viral
origin of replication is included. Further, mammalian genomic TNF-R promoter, control and/or signal
sequences may be utilized, provided such control sequences are compatible with the host cell chosen.
Additional details regarding the use of a mammalian high expression vector to produce a recombinant
mammalian TNF receptor are provided in Examples 2 and 7 below. Exemplary vectors can be constructed
as disciosed by Okayama and Berg (Mol. Cell. Biol, 3:280, 1983).

A useful system for stabls high level expression of mammalian receptor cONAs in C127 murine
mammary epithelial cells can be constructed substantially as described by Cosman et al. (Mol Immunol.
23.935, 1888).

in preferred aspects of the present invention, recombinant expression vectors comprising TNF-R cDNAs
are stably integrated into a hast ceil's DNA. Elevated levels of expression product is achieved by selecting
for cell lines having ampiified numbers of vector DNA. Cell linas having ampiified numbers of vector DNA
are selectad, for example, by transforming a host cell with a vector comprising a ONA sequence which
encodes an enzyme which is inhibited by a known drug. The vector may also comprise a DNA sequence
which ncodes a desired protein. Alternatively, the host cell may be co-transformed with a second vector

. which comprises the DNA sequence which encodes the desired protein. Th transformed or co-transformed
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host cells are then cultured in increasing concentrations of the known drug, thereby selecting for drug-
resistant cells. Such drug-resistant cells survive in increased concentrations of the toxic drug by over-
production of the enzym which is inhibited by the drug, frequently as a result of amplification of the gene
encoding the enzyme. Where drug resistance is caused by an increase in the copy number of th vector
DNA encoding the inhibitable enzyme, there is a toncomitant co-amplification of the vector DNA encoding
the desired protein (TNF-R) in the host celi's DNA.

A preferred system for such co-amplification uses the gene for dihydrofolate reductase (DHFR), which
can be inhibited by the drug methotrexate (MTX). To achieve co-amplification, a host ceil which lacks an
active gene encoding DHFR is either transformed with a vector which comprisas DNA sequence encoding
DHFR and a desired protein, or is co-transformed with a vector comprising a DNA sequence encoding
DHFR and a vector comprising a DNA sequence encoding the desired protein. The transformed or co-
transformed host cells are cultured in media containing Increasing leveis of MTX, and those cells lines
which survive are selected.

A particularly preferred co-amplification system uses the gene for giutamine synthetase (GS), which Is
responsible for the synthesis of giutamate and ammonia using the hydrolysis of ATP to ADP and phosphate
to drive the reaction. GS Is subject to inhibition by a variety of inhibitors, for example methionine
sulphoximine (MSX). Thus, TNF-R can be expressed in high concentrations by ceo-amplifying cells
transformed with a vector comprising the DNA sequence for GS and a desired protein, or co-transformed
with a vector comprising a DNA sequence encoding GS and a vector comprising a DNA sequence encoding
the desired protein, cutturing the host ceils in media containing increasing levels of MSX and selecting for
surviving cells. The GS co-amplification system, appropriate recombinant expression vectors and celis lines,
are dascribed in the following PCT applications: WO 87/04482, WO 89/01038, WO 89/10404 and WO
88/05807.

Recombinant proteins are praferably expressed by co-amplification ot DHFR or GS in a2 mammalian
host csll, such as Chinese Hamster Ovary (CHO) cells, or altematively in a murine myeloma cell line, such

as SP2/0-Ag14 or NSO or a rat myeloma cell fine, such as YB2/3.0-Ag20, disclosed in PCT applications .

WO088/10404 and WO 86/05807. )

A preferred eukaryotic vector for expression of TNF-R DNA s disciosed below in Example 2. This
vector, referred to @s pCAV/NOT, was derived from the mammalian high expression vector pDC201 and
contalns regulatory sequences from SV4Q, adenovirus-2, and human cytomegalovirus.

Purification c_f Recombinant TNF-R

Purified mammalian TNF receptors or analogs are prepared by culturing suitable hostvector systems <]
express the recombinant translation products of the DNAS of the present invention, which are then purified
from culture media or cell extracts.

For example, supematants from systems which secrate recombinant protein into culture media can be
first concentrated using a commercially available protein concentration filter, for example, an Amicon of
Millipors Pellicon ultrafiltration unit. Following the concentration step, the concentrate can be applied to a
suitable purification matrix. For example, a suitable affinity matrix can comprise a TNF or lectin or antibody
moleculs bound to a suitable support. Altematively, an anion exchange resin can be employed, for example,
a matrix or substrate having pendant disthylaminoethyl (OEAE) groups. The matrices can be acrylamide.
agarose, dextran, celluiose or other types commonly employed in protein purification. Alternatively, a cation
exchange step can be employed. Suitable cation exchangers include various insoluble matrices comprising
sulfopropyl or carboxymethy! groups. Suifopropyi groups are preferred.

Finally, one or more reversed-phase high performance liquid chromatography (RP-HPLC) steps employ-
ing hydrophobic RP-HPLC media, e.g., silica gel having pendant methyl or other aliphatic groups, can be
employed to further purity a TNF-R composition. Some or all of the foregoing purification steps, In various
combinations, can also be employed to provide a homogeneous recombinant protsin.

Recombinant protein produced in bacterial culture is usually isolated by initial extraction from cell

pellets, followed by one or mora concentraticn, salting-out, aqueous ion exchange or size oxclusion

chromatography steps. Finally, high performance liquid chromatography (HPLC) can be employed for final
purification steps. Microbial cells employed in expression of recombinant mammallan TNF-R can be
disrupted by any convenient methad. including fresze-thaw cycling, sonication, mechanical disruption, or
use of cell lysing agents. :

Fermentation of yeast which express mammalian TNF-R as a secreted protein greatly simplifies
purification. Secreted recombinant pr tein r sulting from a large-scale fermentation can be purified by
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methods analogous to those disclosed by Urdal et al. (J. Chromatog. 296:171, 1984). This reference
describes two sequential, reversed-phas HPLC st ps for purification of recombinant human GM-CSF on a
preparativ. HPLC column.

Human TNF-R synthesized in recombinant culture is characterized by the presence of non-human cell
components, including proteins, in amounts and of a character which depend upon the purification steps
taken to recover human TNF-R from the culture. These components ordinarily will be of yeast, prokaryotic
or non-human higher eukaryotic origin and preferably are present in-innocuous contaminant quantities, on
the order of less than about 1 percent by weight. Further, recombinant celi culture enables the production of
TNF-R free of proteing which may be normally associated with TNF-R as it is found in nature In its species
of origin, 8.g. in cells, cell exudates or body fluids.

Therapeutic Administration of Recombinant Soluble TNF-R

The present invention provides methods of using therapeutic compositions comprising an sffective
amount of soluble TNF-R proteins and a suitable diluent and carrier, and methods for suppressing TNF-
dependent inflammatory responses in humans comprising administering an effective amount of soluble
TNF-R protein.

For therapeutic use, purified soluble TNF-R protein Is administered to a patient, preferably a human, for
treatment In a manner appropriate to the indication. Thus, for example, soluble TNF-R protein compositions
can be administered by bolus injection. continuous Infusion, sustained release from implants, or other
suitable technique. Typically, a soluble TNF-R therapeutic agent will ba administered in the form of a
composition comprising purified protein in conjunction with physiologically acceptable carriers, excipients or
diluents. Such carriers will be nontoxic to recipients at the dosages and concentrations employed.
Ordinarily, the preparation of such compositions entails combining the TNF-R with buffers, antioxidants such
as ascorbic acid, low molecular weight (less than about 10 residues) polypeptides, proteins, amino acids,’
carbohydrates including glucose, sucrose or dextrins, chelating agents such as EDTA, glutathione and other
stabilizers and excipients. Neutral buffered saline or saline mixed with conspecific serum albumin are
exemplary appropriate diluents. Preferably, product is formulated as a lyophilizate using appropriate
excipient solutions (e.g., sucrose) as diluents. Appropriate dosages can be determined in trials. The amount
and frequency of administration will depend, of course, on such factors as the nature and severity of the
indication being treated, the desired response, the condition of the patient, and so forth.

Soluble TNF-R protsins are administered for the purpose of Inhibiting TNF-dependent responses. A
variety of diseases or conditions are befleved to be caused by TNF, such as cachexia and septic shock. In
addition, other key cytokines (IL-1, (L-2 and other colony stimulating factors) can aiso induce significant host
production of TNF. Soluble TNF-R compositions may therefore be used, for example, to treat cachexia or
septic shock or to treat side effscts associated with cytolkine therapy. Because of the primary roles IL-1 and
IL-2 play in the production of TNF, combination therapy using both IL-1 receptors or. IL-2 receptors may be
preferred in the treatment of TNF-associated clinical indications.

The following examples are offered by way of illustration, and not by way of iimitation.

A. Radloiabeling of TNFa and TNFp. Recombinant human TNFe, in the form of a fusion protein
containing a hydrophilic octapeptide at the N-terminus, was expressed Iin yeast as a secreted protein and
purified by affinity chromatography (Hopp et al., Bio/Technology 6:1204, 1888). Purified recombinant
human TNF8 was purchased from R&D Systems (Minneapolis, MN). Both proteins were radiolabeled
using the commercially avallable solld phase agent, IODO-GEN (Pierce). In this procedure, § ug f
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JODO-GEN wers plated at the bottom of a 10 x 75 mm glass tube and incubated for 20 minutes at 4° C
with 75 wl of 0.1 M sodium phosphate, pH 7.4 and 20 ul (2 mCi) Na '31, This solution was then
wansferred to a second glass twbe containing 5 ug TNFa (or TNF§) in 45 ul PBS for 20 minutes at 4°C.
Th reaction mixture was fractionated by gel filtration on a 2 mi bed volume of Sephad x G-25 (Sigma)
equilibrated in Roswell Park Memorial Institute (RPMI) 1 640 madium containing 2.5% (w/V) bovine
serum albumin (BSA), 0.2% (wAv) sodium azide and 20 mM Hepes pH 7.4 (binding medium). The final
* pool of "SI-TNF was diluted to a working stock solution of 1 x 107 M in binding medium and stored for
up to one month at 4’ C without detectable loss of recepter binding activity. The specific activity is
routinely 1 x 10° cpmvmmole TNF. .
B. Binding to Intact Cells. Binding assays with Intact cells ware performed by two methods. In the first
method, cells were first grown aither in suspension (8.g.. U 937) or by adherence on tissue culture plates
(6.9.. W126-VA4, COS cells expressing the recombinant TNF receptor). Adherent ceils were subsequently
removed by treatment with SmM EDTA treatment for ten minutes at 37 degrees centigrade. Binding
assays wera then performed by a pthalate oil separation method (Dower et al., J. immunol, 132751,
1984) essentially as described by Park et al. (J Biol. Chem. 261:4177, 1986). Non-specific binding of
S TNF was measured in the prasence of a 200-fold or greater molar excess of unlabseled TNF. Sodium
azide (0.2%) was included in a binding assay to inhibit internalization of 'Z5}-TNF by cells. In the second
method, COS cells transfected with the TNF-R-containing plasmid, and expressing TNF receptors on the
surface, were tested for the ability to bind 'Z1-TNF by the plate binding assay described by Sims et al.
(Science 241:585, 1988).
C. Soild Phase Binding Assays. The ability of TNF-R to be’ stably adsorbed to nitrocelluloss from
detergent extracts of human cells yet retain TNF-binding activity provided a means of detecting TNF-R.
Cell extracts were prepared by mixing a cell peliet with 2 2 x volume of PBS containing 1% Teiton X-100
and a cocktail of pratease Inhibitors (2 mM phenyimethyi suifonyl fluoride, 10 UM pepstatin, 10 uM
leupeptin, 2 mM o-phenanthroline and 2 mM EGTA) by vigorous vortexing. The mixture was incubated
on Ice for 30 minutas after which it was centrifuged at 12,000 g for 15 minutes at 8" C o remove nuclel
and other debris. Two microliter aliquots of csll extracts were placed on dry BABS/21 nitrocaliiulose
membranes (Schieicher and Schuell, Keene, NH) and allowed to dry. The membranes were incubated in
tissue culture dishes for 30 minutes In Tris (0.05 M) butfered saline (0.15 M) pH 7.5 containing 3% wn
BSA to block nonspecific binding sites. The membrane was then covered with § x 10~"* M *3ETNF in
PBS + 3% BSA and incubated for 2 hr at 4° C with shaking. At the end of this time, the membranes
woere washed 3 imes in PBS, dried and placed on Kodak X-Omat AR film for 18 hr at -70° C.

Example 2

Isolation o_f Human TNF-R cONA by Direct Expression of Active Protein in COS-7 Cells

Various human ceil lines were scresned for expression of TNF-R based on their ability to bind '3t
jabeled TNF. The human fibroblast cell line W1-28 VA4 was found to express a reasonable number of
receptors per cell. Equilibrium binding studies showed that the cell iine exhibited biphasic binding of 125¢.
TNF with approximatsly 4,000 high affinity sites (K, = 1 x 10' M~') and 15,00 low affinity sites (Kq = 1x
10% M™) per cell.

An unsized cDNA library was constructed by reverse ranscription of polyadenylated mRNA isolated
frmtotanNAmauedfromMmanﬁbmblastWI-ZGVMcells growninmepresewoofpohawoed
mitogen using standard techniques (Gubler, et al., Gene 25:263, 1983; Ausubet et al., eds., Curent
Protocols In Molecuiar Biology, Vol. 1. 1987). The cefls were harvested by lysing the cells in a guanidine
hydrochloride solution and total RNA isolated as previously described (March et al., Nature 315641, 1985).

Poly A° RNA was isolated by oligo dT celluiose chromatography and double-stranded cDN{\ was
prepared by a method similar to that of Gubler and Hoffman (Gene 25:263, 1983). Briefty, the poly A RNA
was converted to an RNA-cDNA hybrid by reverse transcriptase using oligo dT as a primer. The RNA-cDNA
hybrd was then converted into double-stranded cONA using RNAase H in combination with ONA poly-
merase 1. The resulting double stranded cODNA was blunt-ended with T4 DNA polymerase. To the biunt-
ended cDNA is added Ecof linker-adapters (having internal Noti sites) which were phosphorylated on only
one end (invitrogen). The linker-adaptered cDNA was reated with T4 polynucleotide kinase to
phosphorylate the 5 overhanging region of the linker-adapter and uniigated linkers were removed by
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running the cDNA over a Sephaross CL4B column. The link r-adaptered CONA was ligated to an equimolar
concentration of EcoR1 cut and dephospharylated arms of bacteriophage Agt10 (Huynh et al, DNA Cloning:
A Practical Approach, Glover, ed., IRL Press, pp. 49-78). Th ligated DNA was packaged into phage
particles using a commercially available kit to generate a library of recombinants (Stratagene Cloning
Systems, San Diego, CA. USA). Recombinants were further amplified by plating phage on a bacterial lawn
of E. coll strain c800(hfi™).

Phage DNA was purified from the resulting Agt10 cDNA tlibrary and the cONA inserts excised by
digestion with the restriction enzyme Nott. Following electrophoresis of the digest through an agarose gel,
cDNAs greater than 2,000 bp were isolated.

The resulting cONAs were ligated into the aukaryotic exprassion vector pCAV/NOT, which was
designed to express cDNA sequences inserted at its multiple cloning site when transfected into mammalian
cslis. pCAV/NOT was assembled from pDC201 (a derivative of pMLSV, previously described by Cosman et
al., Nature 312: 768, 1884), SV40 and cytomegalovirus ONA and comprises, in sequence with the direction
of transcription from the origin of replication: (1) SV40 sequences from coordinates 5171-270 Including the
origin of replication, enhancer sequences and early and late promoters; (2) cytomegalovirus sequences
including the promoter and enhancer regions (nuclectides 871 to +63 from the sequence published by
Boechart et al. (Coll 41:521, 1885); (3) adenovirus-2 sequences containing the first exon and part of the
intron between the first and second exons of the tripartite leader, the second exon and part of the third exon
of the tripartite leader and a multiple cloning site (MCS) containing sites for Xho1, Kpn1, Smat, Not! and
Bght; (4) SV40 sequences from coordinates 4127-4100 and 2770-2533 that Include the polyadenylation and
termination signals for early transcription; (5) sequences derived from pBR322 and virus-associated
sequences VAl and VAl of pDC201, with adenovirus sequences 10532-11158 containing the VAI and VAl
genes, followsd by pBR322 sequences from 4363-24868 and 1084-375 containing the ampicillin resistance
gens and origin of replication.

The resulting W1-28 VA4 cDNA library in pCAV/NOT was used to transform E, coll strain DHSa, and
recombinants were plated to provide approximately 800 colonies per plate and sufficient plates to provide.
approximately 50,000 total colonies per screen. Colonles were scraped from each piate, pooled, and
plasmid DNA prepared from each pool. The pooled DNA was then used to transfect a sub-confiuent layer of
monkey COS-7 celis using DEAE-dextran followed by chloroquine treatment, as described by Luthman et
al. (Nucl, Acids Res. 11:1295, 1983) and McCutchan et al. (J. Natl, Cancer Inst. 41:351, 1986). The ceils
wera then grown in culture for three days to permit transient expression of the inserted sequences. Alter
three days, cell culture supematants were discarded and the cell monolayers in each plate assayed for TNF
binding as follows. Three mi of binding medium containing 1.2 x 10" M 'Bl-labelod FLAG®-TNF was
added to each plate and the plates incubated at 4° C for 120 minutes. This medium was then discarded,
and each plate was washed once with cold binding medium (containing no labeled TNF) and twice with coid
PBS. The edges of sach plate were then broken off, leaving a flat disk which was contacted with X-ray film
for 72 hours at -70° C using an intensifying screen. TNF binding activity was visualized on the exposed
films as a dark focus against a relatively uniform background. .

After approximately 240,000 recombinants the flibrary had been screened In this manner, one transfec-
tant pool was observed to provide TNF binding foci which were clearly apparent against the background
exposure.

A frozen stock of bacteria from the positive pool was then used to obtain plates of approximately 150
colonies. Replicas of these plates were made on nitrocellulose filters, and the plates were then scraped and
plasmid DNA prepared and transfected as described above to identify a positive plate. Bacterla from
individual colonies from the nitrocsliulose replica of this plate were grown in 0.2 m! cultures, which were
used to obtain piasmid DNA, which was transfected into COS-7 cells as described above. In this manner, a
single clone, clone 1, was isolated which was capable of inducing expression of human TNF-R In COS celis.
The expression vector pCAV/NOT contalning the TNF-R ¢DNA clone 1 has been deposited with the
American Type Culture Collection, 12301 Paridawn Drive, Rockville, MD 20852, USA (Accession No. 68088)
under the name pCAV/NOT-TNF-R, on 6th Sept. 1989.

Example 3

Construction of cONAs Encoding Soluble huTNF-RA235
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A cDNA sncoding a soluble huTNF-RA23S (having the sequence of amino acids 1-235 of Figure 2A)
was constructed by excising an 840 bp fragment from pCAV/NOT-TNF-R with the restriction enzymes Not1
and Pvu2. Not1 cuts at the multiple cloning site of pCAV/NOT-TNF-R and Pvu2 cuts within the TNF-R
coding region 20 nucleotides 5 of the transmembrane region. In order to reconstruct the 3 end of the TNF-
R sequences, two oligonucieotides were synthesized and annealed to creats the following oligonuclectide
linker:

Pvu2 BamHl Bgl2

CTGAAGGGAGCACTGGCGACIAAGGATCCA
.GACTTCCCTCGTGACCGCTGATTCCTAGGTCTAG
AlaGluGlySezThrGlyAspEnd

This oligonucieotide linker has terminal Pvu2 and Bgi2 restriction sites, regenerates 20 nucleotides ot the
TNF-R, followed by a termination codon {underlined) and a BamH1 restriction site (for convenience in
isolating the entire soluble TNF-R by Not1/BamH1 digestion). This oligonuclectide was then ligated with the
840 bp Nott/Pvu2 TNF-R Insert into Bgi2/Nott cut pCAVINOT to yield psolhuTNF-RA23S/CAVNOT, which
was transfectad into COS-7 cells as described above. This expression vector induced expression of soluble
human TNF-R which was capable of binding TNF.

Example 4

Construction of cDNAs Encoding Soluble huTNF-RA185

A cDNA encoding a soluble huTNF-RA185 (having the sequance of amino acids 1-185 of Figure 2A)
was constructed by excising a 640 bp fragment from pCAV/NOT-TNF-R with the restriction enzymes Not1
and Bgl2. Nott cuts at the multiple cloning site of pCAV/NO-TNF-R and BgI2 cuts within the TNF-R coding
region at nucieotide 637, which is 237 nuclectides 5 of the transmembrane region. The following
oligonucieotide linkers were synthesized:

Bgl2 i
5 ' -GATCTGTAACGTGGTGGCCATCCCTGGGAATGCAAGCATGGATGC ~ kN
ACATTGCACCACCGGTAGGGACCCTTACGTTCG
IleCysAsnValvalAlalleP roGlyAsnAlaSerMstAspAla

: Notl
5'- AGTCTGCACGTCCACGTCCCCCACCCGGIGAGC -3
TACCTACGTCAGACGTGCAGGTGCAGGGGGTGGGCCACTCGCCGG

ValCysThrSerThrSerProThrAzgEnd

The above ofigonucieotide linkers reconstruct the 3’ end of the receptor molecule up to nuctectide 708,
followed by a termination codon (undertined). These oligonuclectides were then ligated with the 640 bp
Not! TNF-R insert into Not! cut pCAV/NOT to yield the expression vector psOiTNFRA185/CAVNQOT, which
was transfected into COS-7 cells as described above. This expression vector induced expression of soluble
humnan TNF-R which was capable of binding TNF.

Example S

Construction of CONAs Encoding Soluble huTNF-RA183
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A cDNA encoding a soluble huTNF-RA163 (having the sequence of amino acids 1-163 of Figure 2A)
was constructed by excising a 840 bp fragment from from pCAV/NOT-TNF-R with th restriction enzymes
Nott and Bgl2 as d scribed in Exampl 4. The following oligonucleotide linkers were synth sized:

Bgl2 Notl
5! ~GATCTGTIGAGC -3¢
ACAACTCGCCGG
IleCysEnd

This above oligonucleotide linker reconstructs the 3’ end of the receptor molecule up to nucleotide 642
(amino ecid 163), followed by a termination codon (underlined). This cligonuclectide was then ligated with
the 840 bp Not!t TNF-R insert into Nott cut pCAVNOT to yield the expression vector
psoiTNFRA163/CAVNOT, which was transfectsd into COS-7 cells as described above. This expression

vector induced expression of soluble human TNF-R which was capable of binding TNF in the binding assay
described in Example 1.

Example §

Construction of cDNAs Encoding Soluble huTNF-RA142

A cDNA encoding a soluble huTNF-RA142 (having the sequence of amino acids 1-142 of Figure 2A).
was constructed by excising a 550 bp fragment from from pCAV/NOT-TNF-R with the restriction enzymes
Nott and AlwNi. AlwN1 cuts within the TNF-R coding region at nucleotide 549. The following
oligonuclectide linker was synthesized:

Bql2 Notl
5 ~CTGAAACATCAGACGTGGTGTGCAAGCCCTGTIAM 3"
CTTGACTTTGTAGTCTGCACCACACGTTCGGGACAATTTCTAGA
End

This above oligonucieotide linker reconstructs the 3' end of the receptor molecule up to nuclectide 579
(amino acid 142), followed by a termination codon (undertined). This oligonucleotide was then ligated with
the 550 bp Not1/AlwNt TNF-R insert into Not1/8gi2 cut pCAV/NOT to yield the expression vector
psolTNFRA142/CAVNOT, which was transfected into COS-7 cells as described above. This expression
vector did not induced expression of soluble human TNF-R which was capable of binding TNF. It is
believed that this particular construct failed to express biologically active TNF-R because one or more
essential cysteine residus (e.g., Cys's? or Cys'®3) required for intramolecular bonding (for formation of the
proper tertiary structure of the TNF-R moiecule) was eliminated.

. Example 7

Expression of Soluble m Receptors ﬂ QQ Colls

Soluble TNF receptor was expressed in Chinese Hamster Ovary (CHO) ceils using the glutamine-
synthetase (GS) gene ampiification system, substantially as described in PCT patent application Nos.
WOB87:04462 and WO0B89/01038. Briefly, CHO cells are transfected with an expression vector contalning
genes for both TNF-R and GS. CHO cells are selected for GS gene expression based on the abllity of th
transfected DNA to confer resistance to low levels of methionine sulphoximine (MSX). GS sequence
ampiification events in such cells ar selected using elevated MSX concentrations In this way, contiguous
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TNF-R sequences are also amplified and enhanced TNF-R expression is achieved.

The vector used in the GS expression system was psol TNFR/PE/PSVLGS, which was constructed as
follows. First, the vector pSVLGS.1 (described in PCT Application Nos. W087/04482 and w088/01038, and
available from Celitach, Ltd.. Berkshire, UK) was cut with the BamH1 restricion enzyme and de-
phosphorylated with cait intestinal alkafine phosph'atase (CIAP) to prevent the vector from religating to itself.
The BamH1 cut pSVLGS.1 fragment was then ligated to a 2.4 kb BamH1 to Bgi2 fragment of pEEShCMV
(described in PCT Application No. WO0B89/01038, also available from Celitech) which was cut with Bgl2,
BamH1 and Fsp? to avoid two fragments of similar size, to yield an 11.2 kb vector designated
p6/PSVLGS.1. pSVLGS.1 contains the glutamine synthetase selectable marker gene under control of the
SV40 later promoter. The BamH1 to Bgi2 fragment of pEEShCMV contains the human cytomegalovirus
major immediate early promoter (hCMV), a polylinker, and the SV40 early polyadenylation signal. The
coding sequences for scluble TNF-R were added to p&/PSVLGS.1 by excising a Nott to BamH1 fragment
from the expression vector psolTNFR/ICAVNOT (mada according to Example 3 above), biunt onding with
Klenow and ligating with Smal cut daphosphorylated p&/PSVLGS.1, thersby placing the solTNF-R coding
sequences under the control of the hCMV promoter. This rasulted In a single plasmid vector in which the
SV40/GS and hCMB/solTNF-R transcription units are transcribed in opposite directions. This vector was
designated psolTNFR/P&PSVLGS.

psol TNFR/PE/PSVLGS was used to transfect CHO-K1 cells (available from ATCC, Rochville, MD, under
accassion number CCL 681) as follows. A monolayar of CHO-K1 cells were grown to subconfiuency in
Minimum Essential Medium (MEM) 10X_(Gibco: 330-1581AJ) without' glutapilne and supplemented with
10% dialysed fstal bovine serum (Gibco: 220-8300AJ), 1 mM sodium pyruvate (Sigma), MEM non-essential
amino acids (Gibco: 320-1140AG), 500 uM asparagine and glutamate (Sigma) and nucleosides (30 uM
adenosine, guanosine, cytidine and uridine and 10 uM thymidine)(Sigma).

Approximately 1 x 10° cells per 10 cm petrt dish wers transfected with 10 ug of psol TNFR/P&/PSVLGS
by standard caicium phosphate precipitation, substantially as described by Graham & van der Eb, Virology

52458 (1983). Cells were subjected to glycerol shock (15% glycerol in serum-free culture medium for -

approximatety 1.5 minutes) approximately 4 hours after transfection, substantially as described by Frost &
Williams, Virology 91:39 (1878), and then washed with serum-free medium. One day later, transtacted celis
were fed with fresh selective medium containing MSX at a final concentration of 25 uM. Colonies of MSX-
resistant surviving cells were visible within 3-4 weeks. Surviving colonies were transferred to 24-well plates
and allowed to grow to confluency in selective medium. Conditioned medium from confiuent wells were
thenassayedforsolubloTNF-Racﬁ\myuslnomebindlngasaydesaibedlnaample1 above. These
assays indicated that the colonies expressad biologically active soluble TNF-R.

n order to select for GS gene ampiification, several MSX-resistant cell lnes are transfected with
psolTNFRPE/PSVLGS and grown in various concentrations of MSX. For each cell lina, approximately 1x10¢
colls are plated in gradually increasing concentrations of 100 uM. 250 uM, 500 uM and 1 mM MSX and
Incubated for 10-14 days. After 12 days, colonies resistant to the higher levels of MSX appear. The
surviving colonies ars assayed for TNF-R activity using the binding assay described above in Example 1.
Each of these highly resistant cell lines contains cells which arise from multiple independent amplification
avents. From these cells fines, one or more of the most highly resistant cells lines are isolated. The
amplified cells with high production rates are then cloned by lmiting dilution cloning. Mass cell cultures ot
the transfectants secrete active soluble TNF-R.

Example 8

Expression &f Soluble Human TNF-R In Yeast

Soluble human TNF-R was expressed in yeastwimmeexptosdonvmpwmwld\mdodved
from the yeast axpression vector piXY120 and plasmid pYEP352. piXY120 is identical to pYaHuGM (ATCC
53157), except that it contains no cDNA Insert and includes a polylinkerrmultiple cloning site with a Ncot
restriction site.

A DNA fragment encoding TNF receptor and suitable for cloning Into the yeast expression vector
pIXY120 was first generated by polymerase chain reaction (PCR) amplification of the extraceliular portion of
the full length receptor from pCAV/NOT-TNF-R (ATCC 68088). The following primers were used in this PCR
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amplification:

3 End Primer
5! ~TTCCGGTACCTTTGGATAAAAGAGACTACAAGGAC
Asp718->ProLevAsSpLysArgAspTyrLysAsp

GACGATGACAAGTTGCCCGCCCAGGTGGCATTTACA-3!
AspAspAspLys< - TNF=R >

3 End Primer (anisense)

5' ~CCCGGGATCCITAGTCGCCAGTGCTCCCTTCAGCTGGG-3
BamH1>End<: TNF-R: >

The 5 end oligonucieotide primer used in the ampiification included an Asp718 restriction site at its 5 end,

followed by nucleotides encoding the 3’ ond of the yeast a-factor leader sequence (Pro-Leu-Asp-Lys-Arg)
and those encoding the 8 amino acids ot the FLAG® peptide (AspTyrlysAspAspAspAsplys) fused to
saquence encoding the 5 end of the mature receptor. The FLAG® peplide (Hopp et al., Bia/Technology
€:1204, 1988) is a highly antigenic sequence which reversibly binds the monocional antibody M1 (ATCC HB
9258). The oligonuciectide used to generate the 3 end of the PCR-derived fragment is the ant/sense
strand of DNA encoding sequencss which terminate the open reading frame of the raeceptor after nucleotide
704 of the mature coding region (following the Asp residue preceding the transmembrane domain) by
introducing a TAA stop codon (underiined). The stop codon is then followed by a BamH1 restriction site.
The DNA sequences encoding TNF-R are then amplified by PCR, substantially as described by Innis et al.,.
eds., PCR Protocols; A Gulde to Methods and Applications (Academic Press, 1980).

The PCR-derived DNA fragment encoding scluble human TNF-R was subcloned into the yeast
expression vector pIXY120 by digesting the PCR-derived DNA fragment with BamH1 and Asp718 restriction
enzymes, digesting pIXY120 with BamH1 and Asp718, and ligating the PCR fragment into the cut vector in
vitro with T4 DNA ligase. The resulting construction (piXY424) fused the open reading frame of the FLAG®-
soluble TNF receptor in-frame to the complete a-factor leader sequencs and placed expression in yeast
under the aegis of tha regulated yeast alcohol dehydrogenase {ADH2) promoter. identity of the nucleotide
sequence of the soluble TNF receptor carried In piXY424 with those in cDNA clone 1 were verified by ONA
sequencing using the dideoxynucieotide chain termination method. piXY424 was then transformed Into E.
cofl strain AR1.

Soluble human TNF receptor was also expressed and secreted in yeast in a second vector. This

-second vector was generated by recovering the plXY424 plasmid from E. cofl and digesting with EcoR1

and BamH1 restriction enzymes to isolate the fragment spanning the reglon encoding the ADH2 promoter,
the a-factor leader, the FLAG®-soluble TNF receptor and the stop codon. This fragment was ligated /n vitro
into EcoR1 and BamH1t cut plasmid pYEP352 (Hill et al, Yeast 2163 (1988)), to yield the expression
plasmid pIXY432, which was transformed into £.coff strain RR1.

To assess socretion of the soluble human TNF receptor from yeast, pIXY424 was purified and
introduced into a diploid yeast strain of S ceravisiae (XV2 181) by electroporation and selection for
acqusiﬂmd&nplmld—bormyeastmm gene on media lacking tryptophan. To assess secretion of the
receptor directed by piXY432, the plasmid was lntrodueed into the yeast strain PB148-6b by electroporation
followed by selection for the plasmid-bome URA3® gene with growth on media lacking uracil. Ovemight
cultures were grown at 30" Cin the appmpnateselecﬁvemedla. The PB148-8b/piXY434 transformants were
diluted into YEP-1% glucose media and grown at 30 *C for 38-40 hours. Supernatants were prepared by
removal of colis by centrifugation, and filtration of supernatants through 0.45u filters.

The level of secreted receptor in the supernatants was determined by immuno-dotbiot. Briefly, 1 ul of
supematants, and dilutions of the supernatants, were spotted onto nitroceilulose filtters and allowed to dry.
After blocking non-specific protein binding with a 3% BSA solution, the filters were incubated with diluted
M1 ant-FLAG® antibody, excess antibody was removed by washing and then dilutions of horseradish
peroxidase conjugated anti-mouse Ig@ antibodies were incubated with the filters. After removai of excess
secondary antibodies, peroxidase substrates were added and color development was allowed to proceed for
appr ximately 10 minutes prior to removal of the substrate solution.

The ant-FLAG reactive material found In the supematants demonstrated that significant leveis of
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recoptor wer secreted by both expression systems. Comparisons demonstrated that the pIXY432 system
secreted approximately 8-16 times more solubl human TNF receptor than the piXY424 system. The
supernatants wer assayed for solubl TNF-R activity, as described in Example 1, by their ability to bind
125 TNFa and block TNFa binding. The pIXY432 supematants were found to contain significant levels of
active soluble TNF-R. :

Example 9

Isolation o_f Murine TNF-R cONAs

Murine TNF-R cDNAs were Isolated from a cDNA library made from murine 789 cells, an antigen-
dependent helper T cell line derived from CS7B8LS8 mice, by cross-species hybridization with a human TNF-
R probe. The cDNA library was constructed in \ZAP (Stratagene, San Diego), substantially as described
above in Example 2. by isolating polyadenylated RNA from the 789 cails. :

A double-stranded human TNF-R cDNA probe was produced by excising an approximately 3.5 kb Nott
fragment of the human TNF-R clone 1 and ¥2P-labeling the ¢ONA using random primers (Boehringer-
Mannheim).

The murine cDNA library was ampiified once and a total of 300,000 plaques were screened, substan-
tially as described In Example 2, with the human TNF-R cDNA probe. Approximately 21 positive plaques
were purified, and the Bluescript plasmids containing EcoR1-linkered inserts wore excised (Stratagene, San
Diego). Nucleic acid sequencing of a portion of murine TNF-R clone 11 indicated that the coding sequence

of the murine TNF-R was approximately 88% homologous to the comasponding nucleotide sequence of .

human TNF-R. A partial nuclectide sequence of murine TNF-R cDNA clone 11 Is set forth in Figures 3A-3B.

Example 10

Preparation g Monocional Antibodies to TNF-R

Proparations of purified recombinant TNF-R, for example, human TNF-R, or transfectsd COS celis
expressing high levels of TNF-R are employed to generate monoclonal antibodies against TNF-R using
conventional techniques, for example, those disclosed in U.S. Patent 4,411,993, Such antibodies likely to be
useful in interfaring with TNF binding to TNF receptors, for example, in ameliorating toxic or other
undesired effects of TNF, or as components of diagnostic or research assays for TNF or soluble TNF
receptor.

To immunize mics, TNF-R immunogen Is emulsified in complete Freund's adjuvant and Injected in
amounts ranging from 10-100 ug subcutaneously into Balb/c mice. Ten to twelve days later, the immunized
animals are boosted with additional immunogen emulsified in incomplete Freund's adjuvant and periodicaily
boosted thersafter on 8 weekly to biweekly immunization schedula. Serum samples are periodically taken
by retro-orbital bleeding or tail-tip excision for testing by dot-blot assay (antibody sandwich) or ELISA
{enzyme-iinked immunosorbent assay). Other assay procedures are also suitable. Following detection of an
appropriate antibody titer, positive animals are given an Intravenous injection of antigen in saline. Three to
four days later, the animais are sacrificed, splenocytes harvested, and fused to the murine myeloma cell
fine NS1. Hybridoma cell lines generated by this procedure are plated in multiple microtiter plates in a HAT
selective medium (hypoxanthine, aminopterin, and thymidine) 1o inhibit proiiferation of non-fused cells,
myeloma hybrids, and spleen cell hybrids.

Hybridoma clones thus generated can be screened by ELISA for reactivity with TNF-R, for example, by
adaptations of the techniques disclosed by Engvall et al., Immunochem. 8871 (1871) and In U.S. Patent
4,703,004, Positive clones are then Injected into the pevitoneal cavities of syngeneic Balb/c mice to produce
ascites containing high concentrations (>1 mg/ml) of ant-TNF-R monocional antibody. The resulting
monoclonal antibody can be purified by ammonium sulfate precipitation followed by gel exclusion
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chromatography, and/or affinity chromatography based on binding of antibody to Protein A of Staphylococ-
cus aureus.

Claims

1. An isolated ONA sequence encoding a biologically active mammalian TNF receptor (TNF-R) protein.
2. An isolated DNA sequence according to claim 1, selected from the group consisting of:
(3) CDNA clones having a nucleotide sequence derived from the coding region of a native mammalian
TNF-R gene;
(b) DNA sequences capable of hybridization to the clones of (a) under moderately stringent conditions
(50" C, 2 x SSC) and which encode biologically active TNF-R protein; and
(c) DNA seguences which are degenerate as a result of the genetic code to the DNA sequences defined
in (a) and {b) and which encode biologically active TNF-R protein.
3. An isolated DNA sequence according to claim 1 which encodss a soluble human TNF-R protein.
4. An isolated DNA sequencs according to claim 3, wherein the soluble human TNF-R protein has an amino
acid sequence comprises the sequence of amino acid residues 1-x of Figure 2A, wherein x Is selectad from
the group consisting of amino acids 163-235 ]
§. An isolated DNA sequence according to claim 3, wherein the soluble human TNF-R protein comprises
the sequence of amino acids 1-235 of Figure 2A.
6. A DNA sequence according to claim 5, whersin amino acid residue 48 is selected from the group
consisting of lle and Thr and amino acid residue 118 Is selected from the group consisting of Val and lle.
7. An isolated DNA sequence according to claim 3, whersin the soluble human TNF-R protein comprises
the sequence of amino acids 1-185 of Figure 2A.
8. An isolated DNA sequence according to claim 3, wherein the soluble human TNF-R protein comprises
the sequence of amino acids 1-163 of Figure 2A.
9. A recombinant expression vector comprising a DNA sequence according to any one of claims 1-8.
10. A process for preparing a biologically active mammalian TNF receptor (TNF-R) protein, comprising
cultuing a suitable host cell comprising a vector according to claim 8 under conditions promoting
expression.
11. A purified biologically active mammaiian TNF receptor (TNF-R) protein.
12. A purified biologically active soluble human TNF-R protein. ’
13. A purified biologically active TNF-R protein according to claim 12, comprising the sequence of amino
acid residues 1-235 of Figure 2A.
14. A purified biologically active TNF-R protein according to claim 12, comprising the sequence of amino
acid residues 1-185 of Figure 2A.
15. A purified biologicaily active TNF-R protein according to claim 12, comprising the sequence of amino
acid residues 1-1683 of Figure 2A.
18. The use of a mammalian TNF-R protein in preparing a medicament for regulating immune responses in
mammals.

17. The method of claim 16, wherein the TNF-R protein is human TNF-R and the mammal to be treated is a
human.

18. The use of mammalian TNF-R protein in preparing a pharmacsutical composition suitable for parenteral
adminisiration to a human patient for reguiating immune responses.

19. A process for detecting TNF or TNF-R molecules or the interaction thereof, comprising use of a
mammallan TNF receptor protein, a soluble TNF receptor protein capabie of binding TNF or substantially
similar TNF-R analog produced by recombinant cefl cutture.

20. Antibodies immunoreactive with mammalian TNF receptors.

Claims for the following Contracting State: ES

1. A process for preparing a purified mammallan TNF receptor (TNF-R) proteln, the process comprising
coupling together successive amino acid residues by the formation of peptide bonds to form a TNF-R
polypeptide.

2. A process according to claim 1, wherein the TNF-R protein is a soluble human TNF-R protein.

3. A process according to claim 2, wherein the soluble TNF-R protein has an amino acid sequence
comprising the sequence of amino acid residues 1-x of Figure 2A, wh rein x is s lected from the group

* consisting of amino acids 163-235. :
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4. A procass according to claim 3, wherein th soluble TNF-R protein has an amio acid sequenc which
comprises the sequence of amino acid residuss 1-235 of Figure 2A.
5. A process according to claim 3, wherein the solubie TNF-R prot in has an amio acid sequ nc which
comprises the sequence of amino acid residues 1-185 of Figure 2A.
8. A process according to claim 3, wherein the soluble TNF-R protein has an amio acid sequence which
comprises the sequence. of amino acid residues 1-163 of Figure 2A.
7. The use of a mammalian TNF-R protein in preparing a medicament for regulating immune responses in
mammals.
8. The use of a mammalian TNF-R protein in preparing a pharmaceutical composition suitable for parenteral
administration to a human patient for regulating immune responses.
9. A process for preparing a DNA sequence encoding a mammalian TNF receptor (TNF-R) protein, the
process comprising coupling together successive nucleotids residues.
10. A process for preparing a DNA sequence according to claim 8, wherein the DNA sequance encodes a
soluble human TNF-R protein.
11. A process for preparing a DNA sequence according to claim 10, wherein the DNA sequence encodes a
soluble TNF-R protein having an amino acid sequence comprising the sequence of amino acid residues 1-x
of Figure 2A, wherein x is selected from the group consisting of amino acids 163-235.
12. A process for preparing a DNA sequence according to claim 10, wherein the DNA sequence encodes a
soluble TNF-R protein having an amio acid sequence which comprises the sequence of amino acid
residues 1-235 of Figure 2A.
13. A process for preparing a DNA sequence according to claim 10, wherein the DNA sequence encodes a
soluble TNF-R protein having an amio acid sequence which comprises the sequence of amino acid
residues 1-185 of Figure 2A.
14. A process for preparing 8 DNA sequence according to claim 10, wherein the DNA sequence encodes a
soluble TNPF-R protsin having an amio acld sequence which comprises the sequence of amino acid
residues 1-163 of Figure 2A. ‘
15. A process for preparing a DNA sequence according to claim 9, said DNA being selected from the group
consisting of:
(a) cONA clones having a nuclectide sequence derived from the coding region of a native mammalian
TNF-R gene; :
(b) DNA sequences capable of hybridization to the clones of (a) under moderately stringent conditions
~ (50°C. 2 x SSC) and which encode biologically active TNF-R protsin; and
{c) DNA sequences which are degenerate as a result of the genetic code to the DNA sequences defined
in (a) and (b) and which encode biologically active TNF-R protein.
18. A procass for preparing a DNA sequence according to claim 9, said DNA encoding a TNF-R protain
having the sequence of amino acids of the TNF-R protein axprossed by pCAV/NOT-TNF-R (ATCC 68088).
17. A process for preparing a recombinant expression vector, comprising ligating bacterial, yeast or
mammalian expression vector DNA and a DNA sequence encoding a human TNFR protein sequence.
18. A process for preparing a mammatian TNF-R or an analog thereot, comprising culturing a suitable host
call comprising a vector prepared according to claim 17 under conditions promoting expression.
19. A process for detecting TNF or TNF-R protein molecules or the Interaction thereof, comprising use of a
mammalian TNF-R protein, a soluble TNF-R protein capable of binding TNF or substantially similar TNF-R
analog produced by recombinant cell culture.
20. A process for the preparation of antibodies immunoreactive with TNF receptor, the process comprising
either (a) culturing a hybridoma cell expressing the antibodles and harvesting the antibodies, or (b}
harvesting antibodies immunoreactive with TNF receptor from an appropriately immunised animal.

Ctaims for the following Contracting State: GR

1. An isolated DNA sequence encoding a biologically active mammalian TNF receptor (TNF-R) protein.

2. Anisolated DNA sequence according to claim 1, selected from the group consisting of:
(a) cONA clones having a nucleotide sequence derived from the coding region of a native mammalian
TNF-R gene;
(b) ONA sequences capable of hybridization to the clones of (a) under moderately stringent conditions
(50" C, 2 x SSC) and which encode biologically active TNF-R protein; and
{c) DNA sequences which are degenerate as a result of the gen tic code to th ONA sequences defined
in (a) and (b) and which encoda biclogically active TNF-R protein.

3. An isolated DNA sequence according to claim 1 which encodes a soluble human TNF-R protein.
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4. An isolated DNA sequence according to claim 3, wherein the soluble human TNF-R protein has an amino
acid sequence comprising the sequence of amino acid residues 1-x of Figure 2A, wherein x is selected
from the group consisting of amin acids 163-235

5. An isolated ONA sequence according to claim 3, whersin the soluble human TNF-R protein comprises
the sequence of amino acids 1-235 of Figure 2A.

6. An isolated DNA sequence according to claim 3, whersin the soluble human TNF-R protein comprises
the sequence of amino acids 1-185 of Figure 2A.

7. An isolated DNA sequence according to claim 3, wherein the soluble human TNF-R protein comprises
the sequence of amino acids 1-163 of Figure 2A.

8. A DNA sequence according to claim 3, wherein amino acid residue 46 is selected from the group
consisting of lle and Thr and amino acid residue 118 s selected from the group consisting of Val and lle.

9. A recombinant expression vector comprising 2 DNA sequence according to any cne of claims 1-7.

10. A process for preparing a purified mammalian TNF receptor (TNF-R) protein, the procass comprising
coupling together successive amino acid residues by the formation of peptide bonds to form a TNF-R
polypeptide.

11. A process according to claim 9, wherein the TNF-R protein s a soluble human TNF-R protein.

12. A process according to claim 11, wherein the soluble human TNF-R protein has an amino acid
sequenca comprising the saquence of amino acid residues 1-x of Figure 2A, wherein x Is selected from the
group consisting of amino acids 163-23S.

13. A process according to claim 11, wherein the soluble human TNF-R protein has an amio acid sequence
which comprises the sequence of amino acid residues 1 -235 of Figure 2A.

14. A process according to claim 11, wherein the soluble human TNF-R protsin has an amio acid sequencs
which comprises the sequence of amino acid residues 1-185 of Figure 2A.

15. A process according to claim 11, wherein the soluble human TNF-R protein has an amio acid sequence
which comprises the sequence of amino acid residues 1-163 of Figure 2A.

16. The use of a mammalian TNF-R protein in preparing a medicament for regulating immune responses in’
mammals.

17. The use of a mammalian TNF-R protein in preparing a pharmaceutical composition suitable for
parenteral administration to a human patient for regulating immune responses.

18. Antibodies immunoreactive with mammalian TNF receptors.
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(2) INFORMATION FOR SEQ ID NO:l:

{{) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 1641 bas pairs

(B) TYPR: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(11) MOLECULE TYPE: cDNA to mRNA
(31i) HYPOTHETICAL: N
(iv) ANTI-SENSE: N

(vi) ORIGINAL SOURCE:
(A) ORGANISM: Homo sapiens
(G) CELL TYPE: Fibroblast
(H) CELL LINE: WI-26 VA4

(vii) IMMEDIATE SOURCE:
(A) LIBRARY: WI-26 VAd
(8) ClONE: 1

(ix) FEATURE:
(A) NAME/KEY: CDS
(B) LOCATION: 88..1473 _ .
(D) OTHER INFORMATION: . : e
(ix) FEATURE: ) .
(A) NAMEZ/KEY: mat_peptide .
(B) LOCATION: 88..1470
(D) OTHER INFORMATION:
(1x) FEATURE: -
(A) NAMB/KEY: sig_peptide -
(B) LOCATION: 88..133 ‘
(D) OTHER INFORMATION:

(x) PUBLICATION INFORMATION:
(A) AUTHORS: Smith , Craig A.
Davis, Terzdi
Andezrson, Dirk
Solam, Lisabeth
Beckmann, M. P.
Jerzy, Rita
Dower, Steven K.
Cosman, David
Goodwin, Raymond G. .
{B) TITLR: A Receptor for Tumor Necrosis Factor Defines an
Unusual Family of Cellular and Viral Proteins
{C) JOURNAL: Science
(D) VOLUMR: 2498
(F) PAGBS: 1019-1023
(G) DATE: 25-MAY-1990

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1:

GCGAGGCAGG CAGCCTGGAG AGAAGGCGCT GGGCTGCGAG GGCGCGAGGG CGCGAGGGCA 6¢
GGGGGCAACC GGACCCCGCC CGCATCC ATG GOG CCC GTC GCC GTC TGG GCC 111
Met Ala Pro Val Ala Val Trp Ala
1 S
GCGCTGGCCG'L'CGGAC‘!GGAGC‘!CTGGGC‘!GGGGCGCACGCCRGCCC 159
Ala Leu Ala Val Gly Leu Glu Leu Trp Ala Ala Ala His Ala Leu Pro
10 : 15 20



GCC
23

CGG
Arg

P
Cys

ACC
The

Tzp

GTG

108

Azg

Cys

Gly

TTC
Phe

Cys

188

Thr

Pro

Pro

cce.

Pro

ATT GTG GGT GTG

Ile
265

CAG
Gln

oy 1 od
Leu

6
Ser

GTG
Val

GTT
val
90

Glu

Pro

Ala

Thr

Sex
170

Asn

TCC
Ser

CAG
Gln

AGC
Ser

CCA
Pro
250

Val

GTG GCA
Val Ala

TIT
Phe

AGA GAA
Axg Glu

TAC
Ty:r
45

CCG GGC
Pro Gly
60

Gln

TGT GAC
Cys Asp
73

Sez

CCC GAG
Pro Glu

TGC
Cys

ACT CAA GCC
Thr Gln Ala

GGC TGG
Gly Tp

TAC

Tyr
125

CCG CTG CGC
Pro Leu Arg
140

GAA ACA
Glu Thr
158

TCA
Sezr

AMC ACG
Asn rh;

ACT
The

GIG GTG

Val Val Ala

ACG TICC
Thr Ser Pro

203

CCA GIG
Pro Val
220

Ser

AC? GCT
The Ala
23%

Pro

GCT GAA

Ala Glu Gly

ACA

Gly val Thz

ACA
Thr

30
TAT
Ty

CAT
His

Cys

TG
Leu

cys
110

Cys

Lys

GAC
Asp

Ser

ATC
Ile
190

ACC
Thr

ACA
Thx

AGC

Ser

Als
270
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CCC TAC GCC
Pro Tyr Ala

GAC CAG ACA
Asp Gln Thr

GCA AAA GTC
Ala Lys Val
65

GAG GAC AGC
Glu Asp Ser
80

AGC TGT GGC
Ser Cys Gly
95

ACT CGG GAA
Thr Arg Glu

GCG
Ala

CTG AGC
Leu Serx

6C
Cys

CGC CCG

Arg Pro
143

GTG
Val

GTG
val
160

T6GC
Cys

™CcC
Ser
178

ACG
The

GAT
Asp

cCcT
Pro

GGG
Gly

AAT
Asn

AGT
Ser

ATG

Arg Met

Sex Gln

228

Arg

TCcC
Ser
240

TIC

Thr Phe

GGC GAC
The Gly Asp

2538

TIG GGT CTA
Leu Gly Leu

cCG
Pro

GCT
Ala
S0

Phe

Thr

TCC
Setr

CAG
Gln

AAG
Lys
130
GGC
Gly

AAG
Lys

AT?T
Ile

Ala

Ala
210

CAC
His

k ¥4
Phe

CTA
Leu

24

TAC

TYE

Azg

Asn
118

CAG
Gln

¢
Phe

cce
Pro

76C
Cys

Ser
195

Pro

ACG
Thr

CTC
Leu

GCT
Ala

ATA

Ile I1 Gly Val

278

cce
Pro

ATG
Met

ACC
Thr

The

Cys
100

Azg

GAG

Gly

TGT

AGG

Arg
180

ATG
Mot

GGG
Gly

CAG
Gln

CCA
Pro

CTT
Leu
260

ATA

AGC
Ser

ACA

Gly Thr

TGC
Cys

TGC
Cys

AGC
Ser
L1}

ACC
Thr
70

Lys Ser

GG
Gln Trp

83

Leu

Ser Ser Asp

ATC

Ile Cys Thr

Gly Cys

135

Val Ala

150

CcCG
Pro

GCC
Ala
168

Gly

cce

Pro His Gln

GAT GCA
Asp Ala

GTC
val

GCA GTA
Ala Val

CAC
His
218

CCA ACT
Pro Thr
230

cca
Pro

ATG
Met
245

GGC
Gly

cce
Pro

CCA GTT
Pro Val

GGA
Gly

GGA GTG GTG
Val

TGC
Cys
40

Lys

GAC
Asp

Asn

CAG
Gln

Cys
120

Leu

ATC
Ile

TGC

Cys
200

TTA
Leu

Glu
Ser
Leu

Asn
280

207

255

303

35

399

447

495

543

591

639

687

735

783 .

831

879

927
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TGT GTC ATC ATG ACC CAG GTG AARA AAG AAG CCC
Cys Val Ile Met Thr Gln Val Lys Lys Lys Pro
285 290

GAA GCC AAG GTG CCT CAC TTG CCT GCC GAT AAG
Glu Ala Lys Val Pro His Leu Pxo Ala Asp lys
300 305

GGC CCC GAG CAG CAG CAC CTG CTG ATC ACA GCG
Gly Pro Glu Gla Gln His Leu Leu Ile Thr Ala
s 320

Ser Ser lLeu Glu Ser Ser Ala Ser Ala Leu Asp
330 335

CGG AAC CAG CCA CAG GCA CCA GGC GTG GAG GCC
Arg Asn Gln Pro Gla Ala Pro Gly Val Glu Ala
345 350 358

Ala Arg Ala Ser Thr Gly Ser Ser Asp Ser Ser
365 370

ACC CAG GTC AAT GTC ACC TGC ATC GTG AAC GIC
Thr Gln Val Asn Val Thr Cys Ile Val Asn Val
380 385

CAC AGC TCA CAG TGC TCC TCC CAA GCC AGC TCC
His Ser Ser Gla Cys Ser Ser Gln Als Ser Ser
398 400

GAT TCC AGC CCC TCG GAG TCC CCG AAG GAC GAG
Asp Ser Ser Pro Ser Glu Ser Pro Lys Asp Glu
410 ‘ 418

AAG GAG GAAL TGT GCC TTT CGG TCA CAG CTG GAG
Lys Glu Glu Cys Ala Phe Arg Ser Gln leu Glu
425 _ 430 435

CTG GGG AGC ACC GAA GAG AAG CCC CTG CCC CTT
Leu Gly Ser Thr Glu Glu Lys Pro Leu Pro Leu
443 450

TTG
Leu

GCC

cCG
Pro

AGA
Arg
340

AGT
Sez

CCT
Pro

6T
Cys

Thr

CAG
Gln
420

ACG
Thr

GGA
Gly

TGC
cys

cGG
Arg

AGC
Serx
328

AGG
Arg

GGG
Gly

Gly

Ser

ATG
Mst
403

Val

Pro

GTG
Vval

CTG
Leu

GGT
Gly

CAG
Gln
23S

ACA
Thr

310

TCC
Ser

Ala

Gee
Ala

Gly

AGC
Ser
3%0

Gly

Pro

Glu

cer
Pro

AGC
Ser

cce
Pro

Gly

CAT
His
375

CT
Sexr

Asp

TTC
Phe

ACC
The

GAT
Asp
4535

GGG ATG AAG CCC AGT TAA CCAGGCCGGT GTGGGCTGIG TCGTAGCCAA

Gly Met Lys Pro Sexr .
460

GGTGGGCTGA GCCCTGGCAG GATGACCCTG CGAAGGGGCC CTGGTCCTTC CAGGCCCCCA

CCACTAGGAC TCTGAGGCTIC TTTCTGGGCC AAGTTCCTCT AGIGCCCTCC ACAGCCGCAG

CCTCCCTCTG ACCTGCAG

(2) INPORMATION FOR SEQ ID NO:2:

(1) SEQUENCE CHARACTERISTICS:
{(A) LENGTH: 462 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear

AGA
Arg

Gln

AGC
Ser

ACT
Thr

Glu
360

Gly

GAC
Asp

ACA
The

Ser

Leu

440

Ala

975

1023

1071

1119

1167

1215

1263

1311

1359

1407

1455

1503

1563

1623

1641

-
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Mat

Trp

Ala

Thr

val

[ 1]

Ser

Gly

Glu

Serx

Pro
148

Cys

Asp

Met
Gln
228
Phe
Asp

Leu

Lys

(11) MOLECULE

(xi) SEQUENCE

Ala Pro Val Ala

Ala
Pro
Ala

50
Phe
Thr
Ser
Gln
Lys
130
Gly
Lys
Ile
Ala
Ala
210

His

Leu

‘Phe

Leu

Lys
290

Ala
Glu

35
Gln
Cys
Tyz
Azg
Asn
115
Gln
Phe
Pro
Cys
Ser

193

Pro

Leu
Ala
Ile

278

Pro

Ala

20
Pro
Met
Thr

Thr

Cys
100
Arg
Glu
Gly
Cys
180
Mot
Gly
Gln
Pro
Leu
260

Ile

Leu

S

His

Gly

Cys

Lys

Gln

Sez

Ile

Gly

val

Ala

16$

Pro

Asp

Ala

Pro

Met

248

Pro

Gly

Cys

EP 0 418 014 A1

TYPE: pr tein

DESCRIPTION: SEQ ID

Val Trp Ala-Ala Leu

Ala
Ser
Cys
Thx

70
Leu
Sez
Cys
Cys
Ala
150
Pzo
His
Ala
val
230
Gly
val

val

Leu

Leu
Thr
Ser

L1}

Sexr

Trp

Thr

138

Arg

Gly

Gln

Val

Ris

2158

Pro

Pro

Gly

val

Gla
295

Pro

Cys

40
Lys
Asp

Asn

Gln

Cys
120
Leu
Pro
Thr
Ile
Cys
200
Leu
Glu
Ser

Leu

Asn
280

Arg

Ala
25

Arg
Cys
Thr
p

val
105

Arg
éy,
Gly
Phe
Cys
188
Thr
Pro
Pro

Pro

Ile
265

Cys

Glu

10
Gln

Leu

Ser

val

Val

90

Glu

Pro

Ala

Thr

Ser

170

Asn

Serx

Gla

Ser

Pro

250

Val

val

Ala

NO:2:

Ala

val

Arg

Pro

Cys

75

Pro

Thr

Gly

Pro

Glu

185

Asn

val

Thr

Pro

Thr

238

Ala

Gly

Ile

Lys

val
Ala
Glu
Gly

60
Asp
Glu
Gln
Trp
Leu
140
Thr
Thr
val
Ser
val
220
Ala
Glu
Val

Met

val
300

Gly

Phe

Tyr

45
Gln
Ser

Cys

Ala

ky'2 4
128
Arg
Ser
Thr
Ala
Pro
205
Sez
Pro
Gly
The
Thr

285

Pro

Leu

Thr

Tyz

His

Cys

Leu

Cys

110

cys

Lys

Asp

Ser

Ile

190

The

Thr

Ser

Ser

Ala

270

Gln

RHis

Glu

15

Pro

Asp

Ala

Glu

Ser

Thr

Ala

Cys

val

Sex

178

Pro

Arg

Thr
Thr
255
Leu

Val

Leu

Leu

Tyr

Gln

Lys

Asp

80

Cys

Leu
Arg
Val
160
Thr
Gly
Ser
Ser
Ser
240
Gly
Gly

Lys

Pro
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Ala Asp Lys Ala Arg Gly Thr Gln Gly Pro Glu Gln Gln His lLeu Leu
305 310 315 320

Ile Thz Ala Pro Ser Ser Ser Ser Ser Ser Leu Glu Ser Ser Ala Ser
325 : 330 335

Ala Leu Asp Arg Arg Ala Pro Thr Arg Asn Gln Prxo Gln Ala Przo Gly
340 345 3s0

val Glu Ala Ser Gly Ala Gly Glu Ala Arg Ala Ser Thr Gly Ser Ser
358 360 365

Asp Ser Ser Pro Gly Gly His Gly Thr Gln Vval Asn val Thr Cys Ile
370 3715 380 _
val Asn Val Cys Ser Ser Ser Asp His Ser Ser Gln Cys Ser Ser Gln
k11 390 338 400

Ala Ser Ser Thr Met Gly Asp Thr Asp Ser Sex Pro Ser Glu Ser Pro

405 410 415

Lys Asp Glu Gln Val Pro Phe Ser Lys Glu Glu Cys Ala Phe Arg Ser
420 425 430

Gln Leu Glu Thr Pro Glu Thr Leu Leu Gly Ser Thr Glu Glu Lys Pro
435 440 445

Leu Pro lLeu Gly Val Pro Asp Ala Gly Met Lys Pro Ser
450 455 : 460

{2) INFORMATION FOR SEQ ID NO:3:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 3813 base pairs
(B) TYPE: nucleic acid
¢C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(1i) MOLECULE TYPE: cDNA to mRNA
(141) EYPOTHETICAL: N
(iv) ANTI-SENSE: N

{vi) ORIGINAL SOURCE:
{A) ORGANISM: mouse
(B) STRAIN: CS7BL/6
(G) CELL TYPB: T-helper cell
(H) CELL LINE: 7B9

(vii) IMMEDIATE SOURCE:
(B} CLONE: 11

(ix) FEATURB:
(A) NAME/KEY: CDS
(B) LOCATION: 55..1479
(D) OTHER INFORMATION:
(ix) FEATURE:
(A) NAME/KEY: mat_peptide
(B) LOCATION: 55..1476
(D) OTHER INFORMATION:



{(ix) FEATURE:
(A) NAME/KEY:
(B) LOCATION:

EP 0 418 014 A1

sig_peptide
35..120

(D) OTHER INFORMATION:

(xi) SPQUENCE DESCRIPTION: SEQ ID NO:3:

CGCAGCTGAG GCACTAGAGC TCCAGGCACA AGGGCGGGAG

GCG
Ala

Ala

Pro

Lys
50

CAT
His

Ser

Ser

Gln

Lys

130

Gly

CTA

Leu

Thzr

cce
Pro

Thr

Glu
35

Ala

Phe

ATG

TCT
Ser

Gln
115

Thz

GGG CAC

Gly
20

Pro

Gln

Cys

TAT
Tyr

TCC
Ser
100

AAC
Asn

CAT
His

His

GGG
Gly

ATG
Met

AAC
Asn

ACC
Thr
85

6T
Cys

CGA
Azg

CTC TGG
Leu Trp

ACA GTG
Thz Val

TAC GAG
Tyr Glu

TGC IGT

Cys Cys
L]

AAG ACC
Lys Thr
70

CAG GIC
Gln Val

ACC ACT
Thr Thr

GTG 1TGT
Val Cys

GIC
val

cce
Pro

TGC

Cys
40

Ala

Ser

76G
Trp

GAC
Asp

GCT
Ala
120

TCT GGC AGC TGT
Ser Gly Ser Cys

133

GGC TTC GGA GIG GCC
Gly Phe Gly Val Ala

150

Lys Ala Cys Ala Pro

1638

GTG TGC AGG CCC CAC
Val Cys Arxg Pro His

180

GCG
Ala

GCC
Ala

Gln

ARG
Lys

CAG
Gln
108

1GC
cys

CGA
Acg

AGT
Sex

'AAG GCC TGT GCC CCA GGG

Gly

CGC ATC TGT AGC
Arg Ile Cys Ser

185

CTG
Leu

10
CAG
Gln

ATC
Ile

1GT
Cys

Thr

90

Val

GAA
Glu

CAG
Gla

TCA
Ser

ACG
‘The
170

GTC
val

GTT
val

Ser

cer
Pro

GTG
val
75

TTT
Phe

Glu

GCT
Ala

TGC
Cys

AGA

TIC
Phe

GTC
val

Glin

ccr
Pro
€0

TGT
Cys

CcGT

ATC
Ile

GGC
Gly

ATG
Met
140

GCC

Azg Ala

158
TIC

Phe Ser

cT

CCACCGCTGC CCCT

Glu

TG
Leu

Glu
45

Gly

GCG
Ala

Thr

AGG
Arg
128

AGG

CcCA
Pro

GAC
Asp

ATC

Gln

110

TAC
Tyz

Leu

AAT
Asn

ACC
Thr

CIG

CAG
Gln

13
cce
Pro

TAT
Tyr

TAT
Tyzr

Cys

Leu
95

T6C
Cys

6C
Cys

Ser

GGA
Gly

ACA
Thr
178

GC?T

Ile Leu Ala

190

CTG6
Leu

Tyz

Asp

vVal

Glu

80

Ser

The

Ala

Lys

Asn

160

Ser

ATT
1le

Lys

AGG

Lys
63

Ala

Cys

Lys

Leu

Cys
148

val

Sex

cce .

Pro

7
105
153
201 ‘
249
297
348
393
41
489
537
505‘

633



Gly

Serxr
210

TCC
Ser

CcTT
Leu

Gly

Leu

AAG
Lys
290

" GAT

ACC
Thr

Ala

ATG
Met

Ser
370

ATC

Ile

Gla

CCA
Pro

AAT

198

Ala

Gln

ACA
Thr

ATC
Ile

CTG
Leu
275

AAG
Lys

Glu

3s8

GAT

Asp

Val

Alas

AAG
Lys

GCA
Ala

ATC
Ile

cce
Pro

TC6
Ser

Ser
260

ATG
Met

340
Glu

TCcT
Ser

AGC
Sexr

GAT
Asp
420

AGC ACA
Sex Thr

CCA AGG
Pro Axg

CTG GAT
Leu Asp
230

TTG GGT
Leu Gly
245

CTT CCA
Leuw Pro

Leu Gly

TCC TGC
Ser Cys

Ser Gln
310

Pro Ser
3as

CGA AGG
Arg Arg

GCC CAA
Ala Gln

TCC CAC
Ser His

GTC TGT
Val Cys
390

GAT
Asp

Thr
218

Gln

Ser

AT?
Ile

CcTG
Leu

CTA
Leu
298

GAT
Asp

Ser

GCG
Ala

GGG
Gly

GGA
Gly
378

AGC
Ser

Ala
200

CTC
Leu

GAG
Glu

ACC
Thr

GGT
Gly

val
280

Gln

Ala

Ser

cce
Pro

TTT
Phe
360

AGC
Ser

AGC
Ser

GCC ACA GTIG GGA
Ala Thr Val Gly

405

GAG CAG,GTC CCC
Glu Gla Val Pro
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GTC
val

.

TAC
Tyr

CCA
Pro

cce
Pro

Leu
265

AAC
Asn

GTA
val

Ser

Pro
34S

Gln

CAC
His

kyoty
Ser

GAC
Asp

Phe
428

TGT
Cys

GTA
Val

GGG
Gly

ATT
Ile
250

ATT
Ile

7G6C
Cys

GAT
Asp

GGC
Gly

AGC
Ser
330

Gly

Glu

Gly

GAC

Pro
410

Serx

GCG
Ala

T
Ser

cce
Pro
238

ATT
Ile

val

ATC
Ile

Ala

cTT
Leu
s

7cc
Ser

Gly

GCC
Ala

ACC
The

His
398

ccc
Pro

CAG
Gln
220

AGC
Serx

Glu

Gly

ATC
Ile

Lys
300

GAG
Glu

CTA
Leu

CAT
His

Arg

His
380

AGT
Ser

Ala

Glu

GAG
Glu
208

CCA

Pro

Gln

Gln

Val

Leu

288

Val

Gln

Glu

Pro

GCC

Ala

369

val

Ser

Lys

Glu

TCC
Ser

GAG
Glu

ACT
Thr

AGT
Ser

Thr
270

val

cer
Pro

Gin

AGC
Sezx

Gln
350

AGC
Ser

AAC

Asn

Gln

Pro

Cys
430

cca
Pro

ccc
Pro

Pro

ACC
Thr
253

Ser

Gln

CAT
His

CAC
His

Ser

338

Als

Ser

val

Cys

Ser

413

Pro

ACT
Thr

ACA
The

Ser
240

AAG
Lys

Leu

AGG

GTG
Val

Leu
320

Ala

Azg

AGG

Arzg

Thr

Serx
400

Ala

Ser

CTA
Leu

AGA
Azg
228

ATC
Ile

Gly

Gly

Lys

ccr
Pro
308

Leu

Sex

GIC
val

ATT
Ile

Cys

385

Ser

Sex

Gln

681

729
177
825
873
921
962
1017
1065
1113
1161
1209
1287
1305

1353



TCC
Ser

43S
cce
Pro
450
TT?
Phe
CTGCAAAGGG
TTCCCTTAGT
TGGTCAAAAA

GACCCCTCTG

TGACACTGCA
CCCTTCAGGT
TGATGCAAGA
TAACTCAGTG
AAAACGTAAG
CICTGCCTTT
TTCTAATGAG
CCCAGGCCCC
CCCAACGGCT

GTGAGTTGGA

GCTGGACAGA
CTGAGCCACC
GGCTGICTCC

GCTTGCCCCT

470
ACCCCCGAGA
GGCTTCCAGA
CTGCCATGGT
GATCTCCTGG
AGGAGCTAAC
GGGCGGTTCC
TAGTGCTAAA
ATCAGAGGCC
GTCCAGTGTG
TAGACAGCAG
GACTTTTACT
CCCTTCCAAG

TGCAGCCACC

ACAGCTCATG
AAGGATTCAT
TCAGGAGACT
TCCACTGGAT
AGCACTCTGG
AGACTGTAGA
GCCTCCTAGS

ATTCCTGCTT
CCACCCCACC
CACTTGTAGC

ATCTICCIGET
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440

460

475
CCCTGAACCC ATGGAACTTC
GCCCCAGTTG CAGGTCAAGT
GTTTTATGGG GGCAGTCCCA
GCTCTTGCCT GATTCTTGCT
ATCCTCTTCC ATGAATAGCA
AGCAAGTAGG AGCAAGTGGT
CTCTTAGGAN GTACCCTCTC
CCATCAGGCA GAGTTGCTCT
CTTTTAGCAT GCCCTGGGTT
ACAGCAGACA GCACAGCCAG
CTGGTGGGCA CACAGAGGGC
GCCACGCCTT CCTITCAGGGA
TGTICICTICC TACCTCAGCC
CTTGCTGTGA CCCCAACGTG
ACATCGGTTG AAAGGCCCAC
GCCGGTTTTC TAATCAACCT
CCTCAAGAAG CAAGTTCAGT
ATGAACTTGG CAGAGGAGCC
AATCAAGATA CTGGACACTT

GGGGAAGGAA CACGTCTGCC

445

ATGACITTTG
GAGGGCTGAG
GGAAGTTGTT

GGCCTGGTAG
CAAGCCCACC
GTTATAGGAT
TGATCCTCAG
CCCCCTGTGT

ATCTCAGGGA
TGGAGCACTC
CATTGTCCGG
CCGGAAACAG
GCTCCCTAGC
CTCAGGTGCT
TAGTTGTTGC
GGGGCCGACT
CCCTGGTGGC

CAACAAAAGA ATGAATTGGA AAGGATGTIC

GGATCCCTAA AGGGTGTGCT

AAGGAGCAAT

ATAAATGCTT TTIGTTGTTG TTTTGTACAC

TCCCATCCCA CCTTTACACG CCACTCTTGC

CTGTGGATGC TGAGGAAACA CCCAGCCAAG

ATGAGTCTGG CCTCCTCATT GTGTTGTGGG

CCG TGT GAG ACT ACA GAG ACA CTG CAG AGC CAT GAG AAG CCC TTG
Pro Cys Glu Thr Thr Glu Thr Leu Gln Ser His Glu lys Pr Lleu

CTT GGT GTG CCG GAT ATG GGC ATG AAG CCC AGC CAA GCT GGC TGG
Leu Gly Val Pro Asp Met Gly Met Lys Pro Ser Gln Ala Gly Trp
489

465

GAT CAG ATT GCA GTC AAA GTG GCC TGA CCCCTGACAG GGGTAACACC
Asp Gln Ile Ala Val Lys Val Ala .

CTGGATCCAT
ACAGCTAGAG
GCTCTTCCAT
CCCAGTATT?
GCCTGAATGC
GGCACAGAGG
GAAATTCTTT
GGTAGGGCTG

CAACACATGC

CCTCCTGACC
CTGTAGAGTT
CCTCTAACTC
GTTAGGCACT
CTAAGCCAGT
ATTGCCTGGA
TGGATGCCAT
CATGGAGACT

CCGICCTGGS

TGCACTGTGT
TGAGCCCTGG

TAGACTICCAG

AAGGAGACGG

1401
1449
1499

1359
1619
1679
1739
1799
1859
1919
1979
2039
2099
2159
2219
2279
2339
2399
2459
2519
2579
2639
2699
2759
2019
2879
2039
2999
3059



GITCTGTCAT
CAGCTITAGGG
TAACACAGTT
GTIGTGTGTGT
GTGGAGGCCC
CTCATCTGTA
GCCTATGGAG
ACTAGAGATC
CTCICCAAGG
GTGGGTAAGG
AGAAGAGACC
ATGTGCACAC

TAAMTAAATT

CTCGGAACGC
CTCTGCATAT
CCTAAAGGAT
GTGIGTGTGT
GAGGTTGGCT

CCCAGAGCTT

'GTGCTCAGGT

TGAATTCIGG
GCTCCCCCTT
CAGITTGCGG
TGATTCCTGC
ATCACATTICT

GATTTTATCY

EP 0 418 014 A1

CCACACCGTG
CACAGGAGGG
CGGGCAGTCC
GTIGTGTIGTGT
TTGGGIGTGT
GCACATTTTC
TACAGGCAGG
TCCTCACACT
CCTATTTAAT
ACAAACCTGA
AAGTTGTICCT
TGCACACACA

TTTAAAAAAA

(2) INFORMATION FOR SEQ ID NO:4:

GATGTGAACA
GGAGCAGGGA
AGAATCTCC?
CCATGTTTGC
TTGATCACTC
TAGTCTAACT
CTGCCATACC
TGTATACCTG
AAGTTAGTTT
TGACCTGAGT
CTGACCACCA
CTCACATACC

AAAA

(1) SEQUENCE CHARACTERISTICS:

(A) LENGTH:

(B) TYPE

475 amino acids

: amino acid
(D) TOPOLOGY: linear

(i1) MOLECULE TYPE: protein

ATGGCTGTAC
ACAATTTGAG
CCTTCAGIGT
ATGTATGTGT
TCCAGTTACT
TGATTCAGAG
TGCCCGACAT
CATTTTATCC
TGAACTGGCA
TGGATCCCTG
CCCCATACAT

ATAAATGTAA

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:

1
Tzp Ala

Lys Pro

Azg Lys

50

Lys His
(1]

Ala Ser

Cys Ser

Lys Gln

The

Glu

Ala

Phe

Mat

Ser

Gln
115

Gly His Thr Val Pro Ala Gln Val Val Leu

20

Gln Met Cys Cys Ala Lys Cys Pro Pro Gly
L1

100

40

70

Met Ala Pro Ala Ala lLeu Trp Val Ala Leu Val Phe Glu
5

10

25

Pro Gly Tyr Glu Cys Gln Ile Ser Gla Glu

Cys Asn Lys Thx Ser Asp Thr.Val Cys Ala

kL]

105

Asn Arg Val Cys ﬁ; Cys Glu Ala Gly

i

Leu

30

43

‘Tyr Thr Gla Val Trp Asn Gln Phe Arg Thr Cys Leu
8s 90

Ser Cys Thr Thr Asp Gla Val Glu Ile Arg Ala Cys

Thr Pro

Tyr Tyz

Gln Tyr

Asp Cys

TAGCTTAGAC

TGCTGACCTA

"‘GTGTGTGTGT

GTGCCAGTGT
GAGGCGGGCT
ATCTCTGTICT
TTACATGAAT
ACTAAGACAT
AGATGGCTCA
ACCATAAGGT
GCTTCTGCAT

TAAATTTTTT

Gln
18

Leu

Tyr

Asp

Vval

Glu
80

Ser
95

The

110

125

Arg Tyr Cys

Ala

119
3179
3239
3299
3359
3419
479
3539
3599
3659
319
3779

3813

ks

[



EP 0418 014 At

Leu Lys Thr His Ser Gly Ser Cys Arg Gln Cys Met Arg Leu Ser Lys
130 135 140

Cys Gly Pro Gly Phe Gly Val Ala Ser Ser Arg Ala Pro Asn Gly Asn
145 150 ) 155 160

Val Leu Cys Lys Ala Cys Ala Pro Gly Thr Phe Ser Asp Thr Thr Ser
165 170 178

Ser Thr Asp Val Cys Arg Pro His Arg Ile Cys Ser Ile Leu Ala Ile
180 188 190

?:o Gly Asn Ala Ser Thr Asp Ala Val Cys Ala Pro Glu Ser Pro Thr
195 200 208

Leu Sexr Ala Ile Pro Arg Thr Leu Tyr Val Ser Gln Pro Glu Pro Thr
210 218 220

Arg Ser Gla Pro Leu Asp Gln Glu Pro Gly Pro Ser Gla Thr Pro Ser
225 230 235 240

Ile Leu Thr Ser Leu Gly Ser Thr Pro Ile Ile Glu Gln Ser Thr lys
245 250 235

Gly Gly Ile Ser Leu Pro Ile Gly Leu Ile Val Gly Val Thr Ser leu
260 265 270

Gly Leu Leu Met Leu Gly leu Val Asn Cys Ile Ile Leu Val Gln Arg
275 280 285

Lys Lys Lys Pro Ser Cys Leu Gln Arg Asp Ala Lys Val Pro His Val
250 295 300

Pro Asp Glu lys Ser Gla Asp Ala Val Gly leu Glu Gln Gln His Leu
308 310 s 320

Leu Thr Thr Ala Pro Ser Ser Ser Ser Ser Ser leu Glu Ser Ser Ala
328 330 338

Ser Ala Gly Asp Arg Arg Ala Pro Pro Gly Gly His Pro Gln Ala Arxg
340 348 3s0

Val Met Ala Glu Ala Gln Gly Phe Gln Glu Ala Arg Ala Ser Ser Arg
35S 360 363

Ile Ser Asp Ser Ser His Gly Sex His Gly Thr His Val Asn Val Thr
370 378 380

Cys Ile Val Asn Val Cys Ser Ser Ser Asp His Sexr Ser Gla Cys Se:x
3858 390 395 400

Ser Gln Ala Ser Ala Thr Val Gly Asp Pro Asp Ala Lys Pro Ser Ala
408 410 415

Ser Pro Lys Asp Glu Gln Val Pro Phe Ser Gln Glu Glu Cys Pro Ser
420 428 430

Gln Ser Pro Cys Glu Thr Thr Glu Thr Leu Gln Ser Bis Glu Lys Pro
43S 440 445

Leu Pro Leu Gly Val Pro Asp Met Gly Met Ly Pro Ser Gln Ala Gly
450 45S 460
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Trp Phe Asp Gln Ile Ala Val Lys Val Ala

465

470

. 415
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CTGGGCTGCGAGGGCGCGA

ATG GC@ CCC GTC GCC GIT TGG

Met Ala Pro

CTC TGG GCT

Leu Trp Ala Ala Ala His Ala Iauy Pro

CCC TAC
Pro Tyr

TAT GAC
Tyz Asp

CAA CAT
Gln His

GCC
Ala

CAG
Gln

GCA
Ala

GAC TCC 1G?
Asp Ser Cys

76C
Cys

CAA
Gla

CCC GAG
Pro Glu

GAA AC?
Glu Thr

AGG CCC
Arg Pro
CTG TGC GCG
Lsu Cys Ala

GGC
Gly

AGA CCA GGA
Azg Pro Gly

CCA GOG ACG
Pro Gly Thr

CCC CAC CAG
Pro His Gla

2 GCA
p Ala

CCA GGG GCA
Pzo Gly Ala

CAC ACG CAG
His ThAr Gln

7€ CTG CIC
Phe Leu Leu

EP 0418 014 At

LIGURR 23

GCGAGGCAGGCAGCCTGGAGAGAAGGCG

Val Ala Val Trp
GCG GCG CAC GCC

CCG GAG CCC GGG AGC ACA

Pro Glu Pro Gly

ACA GCT CAG ATG
Thr Ala Gln Met

AMA GTC TTC IGT
Lys Val Phe Cys

GAG GAC AGC ACA
Glu Asp Ser Thr

TTG AGC TGT GGC
Leu Ser Cys Gly

GCC TGC ACT CGG
Ala {ys Thr Arg

TGG TAC TGC GCG
?rp Tyr Cys Ala

CCG CTG CGC AAG
Pro Leu Arg Lys

ACT GAA ACA TCA
Thr Glu Thr Ser

bz 3
Phe

TCC AAC ACG
Sex Asn Thr

ATC
Ile

TGT AAC GTG
Cys 1’Mu Val
GTC TGC ACG TCC
val Cys Thr Ser

GTA CAC TTA CCC
val His Leu Pro

CCA ACT CCA GAA
Pro Thr Pro Glu

CCA ATG GGC CCC
Pro Met Gly Pro

g
fr0

76¢
Cys

ACC
Thr

IAC
Tyr

e
Serx

GAA
Glu

cT6
Leu

6C
Cys

GAC
Asp

R 38 B8 #8 £3 2§

GCG CIG GCC
Ala leu Ala

cce QG

s Gln

¢
Thr Cys
Cys Ser

AAG ACC
Lys ‘rh§

ACC CAG
Thr Gla

cGC TGT
A:q Cys
CAG AANC
Gln Asn Axg
AGC AAG CAG
Ser Lys Gln
olc o]
Arg Pro Gly
GTG GTG TGC
val Cy

TCA TCC ACG
Ser

GCC ATC CC?T
Ala

Ice
Serx

CCC ACC
P:g ™he

CCA GIG TCC
Pro Val Sex

AGC ACT GCT
Sex Thr Ala

CCC CCA GCT
Pro Pro Ala

GGACCCCGOCCGCATCC

GTC GGA CIG GAG
val Gly Leu Glu

GTq
Val

GCA TTT ACA
Ala Phe Thz

CTC AGA GAA TAC
Leu Azg Glu Tyr

76C
Cys

GAC ACC GTG TGT
Asp Thr Val Cys

€6 CCG GGC
Ser Pro Gly

TGG AAC TGG GIT
Trp Asn Trp Val

hyer
Ser

GAC
Asp

CAG GTG
Gln Val

ATC
1le

TGC ACC TGC
Cys Thr Cys

GAG GGG TGC CGG
Glu Gly Cys Axg

GGC GTG GCC
Gly Val Ala

e
Phe

AAG CCC TGT GCC
Lys Pro Cys?ua

GAT ATT TGC AGG
Asp Ile Cys Axg

GGG AAT GCA AGC
Gly Asn Ala Ser

CGG AGT ATG GCC
m's-: Met Ala

ACA CGA TCC CAA
Thr Arg Ser Gln

CCA AGC ACC TCC
Pro Ser Thr Serx

GAA GGG AGC ACT
Glu Gly Ser Thr

GGC GAC TTC GCT CTT? CCA GTT GGA CTG ATT GTG GGT GTG ACA GCC

Gly Asp
T

35

28
87

132
-8

177

222
23
267
38

2
S3

357
68

402
83

447
98

492
113

$37
128

582
143

€27
158

672
173

n?
188

762
203

807
218

852
233

897
248
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riguze 23
TTG GGT CTA CTA ATA ATA GGA GTG GTG AAC TGT GIC ATC ATG ACC

CAG GTG AAA AAG AAG CCC TTG
Gla.val Lys Lys Lys Pro Leu

CCT CAC TTG CCT GCC GAT AAG

Pzo

CAG
Gln

CTG
Leu

AAC
Asn

GCC
Ala

GGG
Gly

T
Ser

GGA
Gy

GTC
Val

ACG
Thr

His Leu

CAG CAC
His

AGC
Sex

CCA
Pro

GCC
Ala

G
Gln

§8 2% I8 B BB £

Pro Ala Asp

CIG CIG ATC
Leu Leu Ile

TCG GCC AGT
Sexr Ala Serx

CAG GCA CCA
Gln Ala Pro

AGC ACC GGG
Ser Thr Gly

GTC
vVal

AT GTIC
Asn Val

AGC TCA CAG
Ser Ser Gln

GAT TCC AGC
Asp Ser Ser

Lys

ACA
Thr

GCG
Ala

GGC
Gly

AGC
Sex

AcCC
Thr

r6C
Cys

cce
Pro

TCcC
Ser

CCA GAG ACC
Pro Glu Thr

AAG GAG GAA
Lys Glu Glu

CT8 CT6G GGG
Leu Leu Gly

. CTT GGA GTG CCT GAT GCT GGG

¢
Cys

GCC
Ala

GCG
Ala

TG
Leu

GIG
Val

TCA
Ser

TGC
Cys

e
Ser

<6
Ser

TGT
Cys

AGC
Ser

ATG

Leu Gly Val Pro Asp Ala Gly Met

CIG
Lsu

cGG
Arg

cca
Pzo

GAC
Asp

GAG
Glu

GAT
Asp

ATC
1le

TCC
Sex

GAG
Glu

GCC
Ala

ACC
Thr

AAG
Lys

CAG AGA
Gln Azg

GGT ACA
Gly Thr

AGC 7CC
Ser Serx

AGA AGG
Azg Arg

GCC AGT
Als Ser

CcT
Ser

7ce
Sez

GIG
Vval

AAC
Asn

CAA
Gln

TCC CCG
Ser Pro

GCC
Ala

T
Phe

CGG
Arg

GAA GAG
Glu Glu

CCC AGT
Pzo Ser

GAA
Glu

CQAG
Gla

AGC
Ser

GCG
Ala

GGG
Gly

cer
Pro

GTC
Val

AGC
Ser

AAG
Lys

CA
Ser

AAG
Lys

GCC
Ala

GGC
Gly

AGC
Sex

ccC
Pro
GCC
Ala

GGT
Gly

TGT
Cys
TCcC
Sez

GAC
Asp

AAG
Lys

cce
Pro

AGC
Ser

ACT
Thr

GGG
Gly

GGC
Gly

AGC
Ser

ACA
Thr

GAG
Glu

CAG CTG
Gln Leu

CCC CIG
Pro Leu

GTG
Val

GAG
Glu

™ce
Sez

CcGG
Arg
GAG
Glu

CAT
His

AGC
Sex

ATG
Met

CAG
Gln

GAG
Glu

cce
Pro

TAACCAGGCCGGTGTGGGCTGTGTCOTAGCCAAGGTGGGCTGAGCCCTGGCAGGATGAC

CCTGCGAAGGGGCCCTGGTCCTTCCAGGOCCCCACCACTAGGACTCTGAGGCTCTTICT
GGGCCAAGTTCCICTAGTGCCCTCCACAGCCGCAGCCTCCCTCIGACCTGCAG. . «

38

. 942

263

987
278

1032
293

1077
308

1122
323

1167
338

1212
383

1257
368

1302
383

1347
398

1392
413

1437
428

1470
439
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AGGCACAAGGGCGGGAGCCACCGCTGCCCCT

GTC GCG CTG
Val Ala Leu

GTG CCC GCC
YAl Pzo Ala

TAC GAG TGC
Tyr Glu Cys

ATG TGC TGT
Met Cys Cys

TGC AAC AAG
Cys Asn Lys

ATG TAT ACC
Met Tyr Thr

AGT TCT TCC
Ser Sexr Sex

AAA CAG CAG
Lys Gla Gla

GCC TTG AAA
Ala leu Lys

AGC AAG TGC
Ser Lys Cys

AAT GGA AAT
Asn Gly Asn

GAC ACC ACA
Aap Thr Thr

AGC ATC CTG
Ser Ile Leu

GCG CCC GAG
Ala Pzo Glu

GTA TCT CAG
Val Ser Gln

CCA GGG CCC
Pro Gly Pro

ACC CCC ATT
Thr Pzxo Ile

ATT GGT CTG

GIC
val

CAG
Gln

CAG
Gln

GCT
Ala

ACC
The

CAG
Gln

16T
Cys

AAC
Asn

ACC
Thr

GGC
Gly

GTG
Val

T™CA
Sex

GCr
Ala

7cec
Sex

CCA
Pro

AGC
Ser

ATT
Ile

TTC GAA CTG
Phe Glu Leu

GTT GIC TTG
Val Val Leu

ATC TCA CAG
Ile Ser Gla

AAG TGT CCT
Lys Cys Pro

TCG GAC ACC
Sexr Asp Ihr

GTC TGG AAC
Val Tzp Asn

ACC ACT GAC
Thr Thr Asp

CGA G7G IGT
Arg Val Cys

CAT TCT GGC
Ris Ser Gly

CCT GGC TTC
Pro Gly Phe

CTA TGC AAG
Leu Cys Lys

TCC ACT GAT
Ser Thr Asp

ATT CCC GGA
Ile Pro Gly

CCA ACT CTA
Pro ThAr Leu

GAG CCC ACA
Glu Pro Thr

CAA ACT CCA
Gln Thr Pro

GAA CAA AGT
Glu Gln Sex

CAG
Gla

ACA
Thr

GAA
Glu

ccr
Pxo

GTG
Val

CAG
Gla

CAG
Gln

GCT
Ala

AGC
Ser

GGA
Gly

GCC
Ala

GTG:

val

AAT
Asn

AGT
So:
AGA
Axg
AGC
Sex

Eiguzxs 32

CGCAGCTGAGGCACTAGAGCTCC

ATG GCG CCC
Met Ala Pro

CTG TGG GCC
Leu Trp Ala

CCC TAC AAA
Pro Tyr Lys

TAC TAT GAC
Tyz Tyr Asp

GGC CAA TAT
Gly Gln Tyr

TGT GCG GAC
Cys Ala Asp

TIT CGT ACA
Phe Arg Thr

GTG GAG ATC
val Glu Ille

TGC GAA GCT
Cys Glu Ala

TGT CGA CAG
Cys Azg Gln

GTG GCC AGT
Val Ala Sex

TGT GCC CCA
Cys Ala Pro

TGC AGG CCC
Cys Axg Pro

GCA AGC ACA
Ala Ser Thr

GCC ATC CCA
Ala Ile Pro

CC CAA CCC
Ser Gla Pro

ATC CTT ACA
Ile Leu Thr

GCC GCC CTC
Ala Ala Leu

ACC GGG CAC
Thr Gly His

CCG GAA CCT
Pro Glu Pro

AGG MG GCT
Azg Lys Ala

GTG AAR CAT
Val Lys His

TGT GAG GCA
Cys Glu Ala

TGT TG AGC
Cys Leu Ser

CGC GCC TGC
Azg Ala Cys

GGC AGG TAC
Gly Arxg Tyr

TGC ATG AGG
Cys Met Arg

TCA AGA GCC
Ser Arg Ala

GGG ACG TIC
Gly Thr Phe

CAC CGC ATC
His Axzg lle

GAT GCA GTC
Asp Ala Val

AGG ACA CTC
Arg Thr Leu

CTG GAT CAA
Lau Asp Gln

G TTG GGT
Ser Leu Gly

ACC AAG GGT GGC ATC TCT CTT
Thr Lys Gly Gly Ila Sac lau Pro

ATT GTT GGA GIG ACA TCA CTG GGT CTG CIG ATG TTA

K14

GG
Tzp

ACA
hr

GGG
Gly

CAG
Gla

7€
Phe

AGC
Ser

7GC
Cys

ACT
Thz

TgC
cys

CTG
Leu

CCA
Pro

c?T
Sez

GT
Cys

TGT
Cys

e
Tyz

GAG
Glu

CA
Serx

CCA

23

5
~-16

120
-1

165
15

210
30

23S
300
60

3438
3

390
90

439
108
480
120

528
138

570
150

615
16$

660
180

708
198

750
210

798
228

040
240

885
258

LR
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Higuze 3B

GGA CTG GTG AAC TGC ATC ATC CTG GTG CAG AGG AAA AAG AAG CCC
Arg Lys Lys lys Pro

TCC TGC CTA CAA AGA GAT GCC AAG GIG CCT CAT GTG CCT GAT GAG
Ser Cys Leu Gln Arg Asp Ala Lys Val Pro His Val Pro Asp Glu

AAA TCC CAG GAT GCA GTA GGC CTT GAG CAG CAG CAC CTG TIG ACC
Lys Ser Gln Asp Ala Val Gly leu Glu Gln Gln His Leu Leu Thr

ACA GCA CCC AGT TCC AGC AGC AGC TCC CTA GAG AGC
Thr Ala Pro Ser Ser Ser Ser Ser Ser leu Glu Ser

TCA GCC AGC
Sezr Ala Ser

GCT GGG GAC CGA AGG GCG
Ala Gly Asp Arg Arg Ala

GIC ATG GCG GAG GCC CAA

CCC CCT GGG GGC CAT cCC
Pro Pro Gly Gly His Pro

GGG TTT CAG GAG GCC CGT

CAA GCA AGA
Gla Ala Arg

GCC AGC TCC

Val Met Ala Glu Ala Gla Gly Phe Gla Glu Ala Arg Ala Ser Ser

AGG ATT TCA GAT
Arg Ile Ser Asp

TCT ICC
Sex Ser

CAC GGA AGC CAC GGG ACC
His Gly Ser His Gly Thr

CAC GTC AAC
His Val Asn

GTC ACC TGC ATC
Val Thr Cys Ile

GTG AAC
Val Asn

GTC TGT AGC AGC TCT GAC
Val Cys Ser Ser Ser Asp

CAC AGT TCT
His Ser Ser

CAG TGC TCT TCC
Gln Cys Ser Ser

CAA GCC
Gln Ala

AGC GCC ACA GTG GGA GAC
Ser Ala Thr Val Gly Asp

CCA GAT GCC
Pro Asp Ala

AAG CCC TCA GCG
Lys Pro Ser Ala

GAG GAG TGT CCG
Glu Glu Cys Pro

TCC CCA
Ser Pxo

TTC ICT CAG
Phe Ser Gln

GAG ACA CTG
Glu Thr Leu

AAG GAT GAG CAG GTC CCC
Lys Asp Glu Gln Val Pxo

TCT CAG
Ser Gln

7CC CCG TGT GAG ACT ACA
Ser Pro Cys Glu Thr Thr

CAG AGC CAT GAG AAG CCC
Gla Ser His Glu Lys Pro

TT@ CCC CIT GGT GIG CCG
Leu Prxo Leu Gly Val Pro

GAT ATG GGC
Asp Met Gly

GGC TGG TTT GAT CAG ATT
Gly Tzp Phe Asp Gln Ile

GCA GIC AAA
Ala Val Lys

ATG AAG CCC AGC CAA GCT
Met Lys Pro Ser Gln Ala

GTG GCC
Val Ala

930
270

97s$
208

1020
300

1063
318

1110
330

1158
3438

1200
360

1245 .
375

1290
390

1335
403

1380
420

1425
438

1470
4350

1476
452

1536
1596
1656
1716
1776
1836
1896
1936
2016
2076
2136
2196
2256
2316
2376
2436
2496
2556
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m

wmmm&mmmmcmmncma
cmmnmmrammmacm

2616
2676
2736
2796
2856
2916
2976
3036
3096
3156
3216
3276
3336
3396
3436
3516
3576
3636
3696
3756
3813

iy el
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